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SUMMARY 

A review of our  p re sen t  knowledge o f  Venus sugges t s  

tha t  i t  is  a s c i e n t i f i c a l l y  i n t e r e s t i n g  p l a n e t  f o r  d e t a i l e d  

e x p l o r a t i o n  by space probes. 

of r easons ,  bu t  a r i s e s  p r i m a r i l y  because of t h e  appa ren t ly  

t o t a l l y  d i f f e r e n t  n a t u r e  of i t s  atmosphere as compared t o  

those  of Mars and Ea r th ,  our l a c k  of understanding of  t h e  a t -  

mosphere and s u r f a c e  c o n d i t i o n s ,  and t h e  c o n t r o v e r s i e s  due t o  

c o n f l i c t i n g  d a t a .  N o  s i n g l e  a r e a  o f  s tudy  has  y e t  been i n -  

v e s t i g a t e d  completely,  so t h a t  much a d d i t i o n a l  da t a  a r e  

r e q u i r e d  t o  complete o u r  understanding of  t h i s  p l a n e t .  

The in te res t  i s  due t o  a v a r i e t y  

A g e n e r a l  d e s c r i p t i o n  of  Venus based on r e s u l t s  of p a s t  

i n v e s t i g a t i o n s  can  be  summarized b r i e f l y  i n  t h e  fo l lowing  s t a t e -  

ments .  The p l a n e t  i s  very s i m i l a r  t o  t h e  E a r t h  i n  mass, s i z e ,  

and d e n s i t y ,  so much s o  t h a t  i t  can be made t o  f i t  almost any 

theory  f o r  t h e  i n t e r i o r  s t r u c t u r e  of t h e  Ea r th .  It i s  widely 

h e l d  t h a t  Venus i s  chemical ly  e q u i v a l e n t  t o  t h e  E a r t h ,  having 

a d i s t i n c t  i r o n - r i c h  c o r e  wi th  a c e n t r a l  p r e s s u r e  of roughly 

one megabar. 

W70O0K, w i t h  a p r e s s u r e  exceeding 10 atm and p o s s i b l y  a s  high 

a s  100 atm. Any l i q u i d  a r e a s  t h a t  do e x i s t  a r e  probably sma l l ,  

The s u r f a c e  seems t o  be a t  a temperature  of 
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and may be expected t o  be turb@ent  oceans of hydrocarbons. 

C02 is  t h e  only atmospheric c o n s t i t u e n t  whose i d e n t i f i c a t i o n  i s  

a t  p r e s e n t  undisputed,  but i t  appa ren t ly  comprises less than 

10 percen t  of t h e  atmosphere. Disputed i d e n t i f i c a t i o n s  have 

been made for 02, N2, H20, H2C0, and CO. 

o b t a i n e d  i n  sea rches  for  N20, CH4, C2H6, and NH3. 

t i o n  of t h e  c louds  i s  unknown; t h e  most t h a t  can  be s a i d  i s  t h a t  

t h e  upper p o r t i o n s  c o n s i s t  of f i n e  d r o p l e t s  o r  d u s t .  

has a magnetic dipole f i e l d ,  t h e  d i p o l e  moment iS less than  

Negative r e s u l t s  were 

The composi- 

If Venus 

0.1 t h a t  of t h e  E a r t h ' s .  

p a r t i c l e  r a d i a t i o n  b e l t s  is u n c e r t a i n .  

The e x i s t e n c e  of Venusian charged 

A d e t a i l e d  e v a l u a t i o n  of t h i s  c u r r e n t  knowledge i n d i c a t e s  

that  answers must s t i l l  be found f o r  a g r e a t  many ques t ions .  

These answers are of importance beyond t h e  a d d i t i o n s  they  would 

provfde t o  our preqent  knowledge of Venus. 

s t u d i e s  o f  t h e  v e r y  dense atmosphere may l e a d  t o  a better under -  

I n  p a r t i c u l a r ,  

s t a n d i n g  of  t h e  e v o l u t i o n  o f  p l a n e t a r y  atmospheres and p l a n e t a r y  

phys ic s  i n  g e n e r a l .  F u r t h e r ,  d e s p i t e  t h e  a p p a r e n t l y  extreme sur- 

face c o n d i t i o n s ,  Venus i s  s t i l l  b i o l o g i c a l l y  i n t e r e s t i n g ,  s i n c e  

l i f e  forms mav e x i s t  i n  suspension a t  v a r i o u s  levels of t h e  a t -  

mosphere and because of t h e  p o s s i b l e  e x i s t e n c e  of l o c a l i z e d ,  

h i g h l y  e l e v a t e d ,  cooler surface r e g i o n s .  

The measurements which a r e  sugges ted  fo r  missions t o  

Venus may be b r i e f l y  c a t e g o r i z e d  as fo l lows :  

1) U l t r a v i o l e t ,  i n f r a r e d  and r a d i o m e t r i c  obse rva t ions  
for  de te rmina t ion  of atm0spher .k  c o n s t i t u e n t s ,  
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atmospheric c i r c u l a t i o n ,  and p l a n e t a r y  energy 
ba lance .  
l a y e r  s t u d i e s .  

Polar imetry may be inco rpora t ed  f o r  c loud  

4 )  

5) 

Microwave radiometry t o  provide d e t a i l e d  thermal  
p r o f i l e s  and t o  e s t a b l i s h  a c c u r a t e  b r i g h t s i d e  and 
da rks ide  temperature  v a l u e s .  

Radar measurements t o  o b t a i n  d e t a i l e d  topograph ica l  
information and t o  determine c e r t a i n  p h y s i c a l  
p r o p e r t i e s  of t h e  s u r f a c e  m a t e r i a l .  

Magnetometry and charged p a r t i c l e  count ing  f o r  a 
p r e c i s e  d e f i n i t i o n  of  t h e  Venusian magnetosphere. 

I 

I 
Direct lower atmosphere and s u r f a c e  measurements 
us ing  an  atmospheric e n t r y  probe. 
atmospheric p re s su re ,  temperature  and d e n s i t y ,  
and s u r f a c e  composition de te rmina t ions  

Inc luded  are 

B i o l o g i c a l  experiments f o r  d e t e c t i o n  of bio-molecules,  
l i f e  forms, o r  evidence of l i f e  i n  t h e  p a s t .  

The fo l lowing  t a b l e  summarizes t h e  da t a  expected from 

each  suggested measurement and i n d i c a t e s  t h e  m i n i m u m  s u i t a b l e  

miss ion  modes. 
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Report No. P-7 

SCIENTIFIC OBJECTIVES OF DEEP SPACE 
INVESTIGATIONS - VENUS 

1. INTRODUCTION 

Venus, i n  some respects, i s  very  s i m i l a r  t o  t h e  Ea r th .  

It has  about  t h e  same mass, volume, d e n s i t y ,  and s u r f a c e  g r a v i t y  

and has  f o r  t h e s e  reasons  o f t e n  been cons idered  a twin p l a n e t  

of t h e  Ear th .  

however, t h e  s i m i l a r i t y  ends r a t h e r  a b r u p t l y .  

have i n d i c a t e d  a very d i f f e r e n t  a tmospheric  composition and 

s u r f a c e  cond i t ion .  I n  a d d i t i o n ,  many parameters  are n o t  c l e a r l y  

de f ined ,  s i n c e  t h e  very  heavy Venusian cloud cover  causes  d i f f i -  

c u l t i e s  i n  t h e  i n t e r p r e t a t i o n  of  c e r t a i n  d a t a .  

f aced  w i t h  t h e  double problem of  e s t a b l i s h i n g  a model for  a 

p l a n e t a r y  environment which has  u n f a m i l i a r  c h a r a c t e r i s t i c s  and 

o f  r e c o n c i l i n g  c o n f l i c t s  a r i s i n g  f r o m  what o therwise  appear  t o  

be r e l i L b l e  d a t a .  

When one looks beyond t h e s e  b a s i c  f e a t u r e s ,  

Most obse rva t ions  

Thus, one i s  

I n  t h i s  r e p o r t ,  s i g r - i f i c a n t  da t a  ob ta ined  i n  t h e  p a s t  a r e  

reviewed and 

The s c i e n t i f i c  o b j e c t i v e s  of space  miss ions  t o  Venus which would 

r e l a t e d  t o  rnodels f o r  t h e  p l a n e t a r y  environment* 
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r e s o l v e  p r e s e n t  u n c e r t a i n t i e s  and d i r e c t l y  add t o  our  under- 

s t a n d i n g  of t h e  p l a n e t  a r e  then  formulated.  

t h e  p h y s i c a l  d a t a  and o r b i t a l  e lements ,  m o s t  of which are w e l l  

known a t  t h e  p r e s e n t  t ime.  S e c t i o n  3 reviews t h e  e x i s t i n g  d a t a  

and i s  d iv ided  accord ing  t o  o b s e r v a t i o n a l  technique  f o r  maximum 

c l a r i t y .  S e c t i o n  4 shows t h e  manner i n  which t h e s e  d a t a  can be 

used t o  c o n s t r u c t  models f o r  t h e  p l a n e t a r y  environment and 

i n t e r i o r .  Sec t ion  5 provides  a summary l i s t  of b a s i c  s c i e n t i f i c  

q u e s t i o n s  which missions to  t h e  p l a n e t  should answer. S e c t i o n  6 

d e s c r i b e s  a set  of measurements which a r e  based on t h e s e  

q u e s t i o n s  and c e r t a i n  o the r  u n c e r t a i n t i e s  and gaps i n  our  knowledge 

which are i n d i c a t e d  throughout t h e  r e p o r t  

2 .  PHYSICAL DATA AND ORBITAL CHARACTERISTICS 

Sec t ion  2 t a b u l a t e s  

The Venusian as t ronomica l  and o r b i t a l  c h a r a c t e r i s t i c s  

which are w e l l  known a t  the  p r e s e n t  t i m e  (Allen 1963, Moore 

1957, Evans 1962, and Brereton 1965) are summarized i n  Table 1. 

Seve ra l  parameters r e q u i r e  a d d i t i o n a l  comments. F i r s t ,  

t h e  mass of Venus i s  no t  known q u i t e  as p r e c i s e l y  as t h e  mass 

of c e r t a i n  o t h e r  p l a n e t s ,  an e r r o r  of 0.022 x 

4 .869  x grams being t h e  commonly accepted  u n c e r t a i n t y .  The 

l a c k  of s a t e l l i t e s  prec ludes  any more a c c u r a t e  Earth-based m a s s  

measurements. Second, t h e  d iameter  given i n  Table  1 refers t o  

t h e  v i s i b l e  d i s k ,  s i n c e  the  s u r f a c e  i t s e l f  cannot  be seen .  The 

m o s t  p r e c i s e  measurements, ob ta ined  dur ing  t h e  o c c u l t a t i o n  of 

Regulus by Venus are wi th in  t h e  range of - + 20 km. 

t i o n s  have e v e r  d e t e c t e d  any p o l a r  f l a t t e n i n g  o r  p l a n e t a r y  

grams o u t  of 

N o  observa-  
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Table 1 

GENERAL DATA FOR VENUS 

Distance from the Sun 
Aphelion 
Perihel ion 
Mean 

Sidereal  period - 

Orbit a 1 eccentr i c  it y 

Orbital i n c l i n a t i o n  

Mean synodic period 

Axial ro ta t ion  period 

Diameter 

Mass 

Density 

Surface grav i ty  

Escape v e l o c i t y  

Albedo 

108.9 x 10 6 km 

107.5 x lo6 km 
108 x lo6 km 
or 0.723 AU 

224 d h m  16 48 (.62 years) 

0.0068 

3"24' 

583.92 days 

242.6 - + 0.6 days, retrograde 

.97 Earth (12,200 km) 

0.81 Earth (4.85 x loz7 grams) 

0 . 8 9  Earth ( 

0.85 Earth 

3 5.15 g/cm ) 

10.2  km/sec 

0.76 ( a t  5500 A) 
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o b l a t e n e s s .  

of t h e  atmosphere is assumed i n s i g r - i f i c a n t  compared t o  t h e  mass 

of t h e  e n t i r e  p l a n e t .  

t h a t  based on d a t a  r epor t ed  by Go lds t e in  i n  1966. 

3 .  REVIEW OF EXISTING DATA 

Thi rd ,  i n  e s t i m a t i n g  t h e  d e n s i t y  va lue ,  t h e  mass 

F i n a l l y ,  t h e  a x i a l  r o t a t i o n  pe r iod  is 

Very l i t t l e  i s  known w i t h  any c e r t a i n t y  about Venus, 

i n  s p i t e  of the f a c t  t h a t  numerous measurements have been made 

u s i n g  a v a r i e t y  of methods and types  of  i n s t rumen ta t ion .  I n  

o r d e r  t o  provide  f o r  increased  c l a r i t y ,  t h i s  s e c t i o n  b r i e f l y  

reviews t h e  e x i s t i n g  d a t a  and i s  d iv ided  accord ing  t o  technique  

so  as t o  b e s t  i l l u s t r a t e  t h e  r e l a t i o n s  between v a r i o u s  p a s t  

i n v e s t i g a t i o n s .  

in format ion  is g iven  i n  Table 4 a t  t h e  end o f  t h e  s e c t i o n .  

3 . 1  V i s u a l  and Photographic Observat ions 

Telescopic  s t u d i e s  of Venus f a i l  t o  r e v e a l  any sha rp ,  

A brief summary of  t h e  a v a i l a b l e  environmental  

we l l -de f ined  markings such as are ev iden t  on Mars o r  t h e  moon. 

The d i s k  is o f t e n  e n t i r e l y  f e a t u r e l e s s ;  when markings a r e  seen ,  

t hey  are i n v a r i a b l y  d i f f u s e  and obscure ,  so t h a t  t h e i r  p o s i t i o n s  

a r e  d i f f i c u l t  t o  e s t a b l i s h  w i t h  any accuracy.  

o f  t h e  f e a t u r e s  t a k e  t h e  form of  dusky shadings w i t h  i n d e f i n i t e  

boundar ies .  They a r e  g e n e r a l l y  s h o r t - l i v e d ,  a s  a r e  c e r t a i n  

b r i g h t  pa tches  observed from t i m e  t o  t i m e .  The b e s t  known 

b r i g h t  a r e a s  are seen near t h e  cusps  of t h e  p l a n e t .  However, 

t h e y  a l s o  vary  i n  p o s i t i o n  and v i s i b i l i t y  and a t t empt s  t o  d e t e c t  

some r e g u l a r i t y  i n  t h e i r  appearance have n o t  been s u c c e s s f u l .  

The more prominent 
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Somewhat more d i s t i n c t  f e a t u r e s  w e r e  observed i n  u l t r a -  

v i o l e t  photographs, bu t  could no t  be i n t e r p r e t e d  i n  t e r m s  of 

a n y  d e f i n i t e  p l a n e t a r y  f e a t u r e s .  Subsequent photography has 

a lso f a i l e d  t o  r e v e a l  any e s s e n t i a l  information about t h e  p l a n e t .  

3 . 2  Photometry 

An important  p l ane ta ry  c o n s t a n t  and one which i s  rela- 

t i v e l y  easy  t o  o b t a i n  i s  t h e  a lbedo  o r  r e f l e c t i v i t y  of t h e  d i s k  

as a func t ion  of wavelength and phase angle .  

u s e f u l  i n  determining composition of c louds and s u r f a c e ,  and i n  

computations designed t o  determine t h e  p l a n e t a r y  h e a t  ba lance .  

This  q u a n t i t y  i s  

Photometric i n v e s t i g a t i o n s  show t h a t  t h e  r e f l e c t i v i t y  

of Venus i n c r e a s e s  toward t h e  r e d ,  i n  keeping w i t h  t h e  v i s u a l  

obse rva t ion  t h a t  i t  has a d e f i n i t e  yellow t i n t  (Rea  and Welch 

1963).  The source of increased  abso rp t ion  i n  t h e  b l u e  has  been 

a t t r i b u t e d  t o  c loud p a r t i c l e s  r a t h e r  than  t o  gaseous components 

(Opik 1962). Seve ra l  reasons f o r  t h i s  argument a r e  advanced. 

F i r s t ,  u l t r a v i o l e t  photographs show dark  bands of such a n a t u r e  

t h a t  

p h e r i c  c i r c u l a t i o n  would be p r e s e n t ,  r i s i n g  a t  t h e  po le s  and 

descending a t  t h e  equator .  The second argument i s  t h e  f a i l u r e  

t o  d e t e c t  abso rp t ion  l i n e s  which one would expec t  i f  t h e  absorp- 

t i o n  were due t o  r o t a t i o n - v i b r a t i o n - e l e c t r o n i c  bands of t h e  gas  

i f  abso rp t ion  w e r e  due t o  gases ,  a most u n n a t u r a l  atmos- 

molecules .  F i n a l l y  photometry across t h e  d i s k  has been c a r r i e d  

ou t  f o r  phase ang le s  near  90" which shows b r i g h t e n i n g  toward t h e  

limb. This a n a l y s i s  i n d i c a t e s  t h e  abso rp t ion  i s  due t o  c loud  

m a t e r i a l .  
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A value  f o r  t h e  albedo of  0.76 ( a t  5500 i ) i s  t h e  one 

normally quoted, w i th  a v a r i a t i o n  between 0.55 and 0.90 from 

t h e  v i s i b l e  through t h e  photographic i n f r a r e d .  

3 . 3  Po l a r  i m e  t r y 

The o r i g i n a l  and one of t h e  most ex tens ive  sets of 

p o l a r i z a t i o n  measurements of t h e  p l a n e t  Venus w e r e  made by Lyot 

(1929). 

same pe r iod  r u l e d  out  numerous p o s s i b l e  i n t e r p r e t a t i o n s  f o r  t h e  

Venus c loud  cover ,  but  t he re  w e r e  some s i m i l a r i t i e s  of t h e  ob- 

se rved  curve wi th  t h e  p o l a r i z a t i o n  curve of w a t e r  d r o p l e t s .  

Many o t h e r  p o s s i b l e  explana t ions  e x i s t ,  however. 

i dea  t h a t  t h e  c louds  may not be wa te r  d r o p l e t s  o r  ice p a r t i c l e s  

w a s  s t rengthened  by Kuiper 's  (1957) i n f r a r e d  measurements. H e  

countered  wi th  t h e  sugges t ion  t h a t  carbon suboxide (C302) might 

w e l l  be t h e  subs tance  i n  the cloud l a y e r .  

forms i n  an atmosphere conta in ing  CO and C02  exposed t o  u l t r a -  

v i o l e t  r a d i a t i o n .  

s a t i s f a c t o r y  explana t ion  for  t h e  apparent  low C02 abundance. 

However, i t  has never  been de tec t ed  s p e c t r o s c o p i c a l l y  and 

f u r t h e r ,  t h e  occas iona l  c l e a r i n g s  noted by some observers  

(Urey 1959) i n d i c a t e  t h a t  the c louds  might p r e c i p i t a t e  as r a i n  

o r  evapora te ,  and n e i t h e r  could be expected i f  they  c o n s i s t e d  

of t h e s e  r e s inous  suboxides.  Thus a unique s o l u t i o n  based on 

p resen t  d a t a  i s  c l e a r l y  d i f f i c u l t .  

however, have r e c e n t l y  proposed t h a t  i c e  c r y s t a l s  w i t h  mean 

r a d i i  o f  approximately 7 . 5 ~  are c o n s i s t e n t  w i t h  p o l a r i m e t r i c  

Extens ive  labora tory  experiments performed dur ing  t h e  

An earlier 

This  subs tance  e a s i l y  

Also,  the product ion  of  C302 provides  a 

Sagan and Pol lack  (1966) 

I I T  R E S E A R C H  I N S T I T U T E  

6 



i . 
8 
, t  
t 
t 
8 
I 

o b s e r v a t i o n s .  They have c a l c u l a t e d  t h e  v i s i b l e  and n e a r - i n f r a r e d  
I 

I 

a lbedo  for an atmosphere con ta in ing  such c r y s t a l s  and claim 

agreement w i t h  t h e  d a t a  of S t rong  and o t h e r s ,  

3 .4  Spectroscopy 

With one or two p o s s i b l e  excep t ions ,  a l l  of t h e  numerous 

s p e c t r o s c o p i c  obse rva t ions  t h a t  have been made of  Venus provide 

informat ion  concerning only t h e  p l a n e t ' s  upper atmosphere. The 

Venusian c loud  cover  along w i t h  t h e  s t r o n g  abso rp t ions  i n  t h e  

t e r res t r ia l  atmosphere conceal  most o f  t h e  atmospheric  con ten t  

of Venus. Ca re fu l  s tudy  and a n a l y s i s  of e x i s t i n g  d a t a ,  however, 

has  l e d  t o  i d e n t i f i c a t i o n  of  several atmospheric c o n s t i t u e n t s  

and permi ts  estimates t o  be made f o r  c e r t a i n  o t h e r  parameters 

o f  i n t e r e s t .  The c h i e f  atmospheric c o n s t i t u e n t ,  on t h e  o t h e r  

hand, has n o t  y e t  been determined. 

3 . 4 . 1  Composition 

The f i r s t  c o n s t i t u e n t  of t h e  Venusian atmosphere 

t o  be d e t e c t e d  w a s  carbon d ioxide  ( C 0 2 ) ,  observed by Adams  and 

Dunham (1932).  After comparisons w i t h  l a b o r a t o r y  d a t a ,  Dunham 

es t ima ted  t h e  amount of C02 above t h e  cloud l a y e r  of Venus as 

400 m e t e r  atmospheres.  Adel and S l i p h e r  (1934),  u s i n g  low 

r e s o l u t i o n  p l a t e s  of C02 l abo ra to ry  d a t a ,  e s t ima ted  t h e  Venusian 

c o n t e n t  t o  be 3000m a t m .  This  e s t i m a t e  i s  c o n s i d e r e d  t o  be t o o  

h igh  by most i n v e s t i g a t o r s ,  s i n c e  a s i g n i f i c a n t  amount of  

succeeding work by Herzberg (1951, 1952) ,  K u i p e r  (1952) ,  and 

Kaplan (1961) has  always y ie lded  va lues  which l i e  between 300 m atm 

and lOOOm a t m .  Spinrad (1962a), however, i n  a very  r e c e n t  a n a l y s i s ,  
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ob ta ined  an e s t i m a t e  of 2000m a t m o f  C02  above t h e  c loud  l a y e r .  

D i f f e rences  h e r e  a r i s e  l a r g e l y  due t o  assumptions ( i n  d a t a  

i n t e r p r e t a t i 0 n ) a s  t o  whether o r  n o t  t he -C02  is mixed wi th  t h e  

atmospheric  l i g h t  s c a t t e r i n g  m a t e r i a l ,  o r  whether t h e r e  i s  a 

COP atmosphere l y i n g  above a s h a r p  c loud  deck. It i s  necessary  

to obtain some idea of t h e  s c a t t e r i n g  c o e f f i c i e n t  and d i s t r i b u -  

t i o n  w i t h  h e i g h t  of t h e  p a r t i c l e s  producing t h e  o p a c i t y  be fo re  

a more p r e c i s e  abundance can be determined. A t  p r e s e n t ,  t h e  

abundance is  accepted  a s . b e i n g  between 100 and 1000 m-atm, wi th  

t h e  lower v a l u e s  m o s t  w i d e l y  h e l d .  

Consider ing t h i s  r a t h e r  l a r g e  amount of  C 0 2 ,  one might 

expec t  t o  f i n d  a t  l eas t  some O2 (Rea 1962).  

and Dunham (1952), however, have used t h e  Doppler s h i f t  t ech-  

n ique  on t h e  A band a t  7600 1 and have d e t e c t e d  no 02, s e t t i n g  

an upper l i m i t  of 80 m atm. Prokof jev  and Petrova (1962) ,  on 

t h e  o t h e r  hand, r e p o r t  a t e n t a t i v e  i d e n t i f i c a t i o n  of O2 us ing  

t h i s  same technique .  Addi t iona l  i n v e s t i g a t i o n s  are obviously 

needed f o r  conf i rma t ion  i n  t h i s  i n s t a n c e .  

S t  John e t  a1 (1922) 

Carbon monoxide ( C C ) ,  i f  p r e s e n t  on Venus, should  pro- 

duce a b s o r p t i o n  i n , i t s  2-0 band a t  2.345~. Sin ton  (1962) took 

a number of spectr ,a  covering t h i s  r eg ion  and then  made compari- 

sons  w i t h  l a b o r a t o r y  s p e c t r a .  While i t  appeared d e f i n i t e  t h a t  

something w a s  absorb ing  at t h i s  wavelength,  t h e  shape of  t h e  

band w a s  i n  poor agreement wi th  t h e  l a b o r a t o r y  s p e c t r a .  Moroz 

(1965) ob ta ined  s i m i l a r  r e su l t s ,  so t h a t  t h i s  should probably 

be c l a s s e d  as a p o s s i b l e  i d e n t i f i c a t i o n ,  w i t h  f u r t h e r  work needed 
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f o r  confirmation.  

Kozyrev (1954) and Newkirk (1959) have r epor t ed  a 

v i s i b l e  emission i n  t h e  n ight  sky due t o  N2 + . The observa t ions  

w e r e  t e n t a t i v e  and were not confirmed by a more r ecen t  s tudy  of 

Weinberg and Newkirk (1961). 

a l l a y  doubts t h a t  t h e s e  observat ions may be due t o  an i n s t r u -  

mental  o r  t e r r e s t r i a l  sky e f f e c t  (Rea 1962). 

Fur ther  work is thus r equ i r ed  t o  

There also e x i s t s  c o n f l i c t i n g  evidence concerning t h e  

Recent work by both Dollfus  (1963) q u a n t i t y  o f  H20 on Venus. 

and Bottema, Plummer and Strong (1964) has i n d i c a t e d  t h e  pres -  

ence of approximately 10-100~ of p r e c i p i t a b l e  water vapor,  

w i t h  independent observat ions a t  1.411. and 1.1311., r e spec t ive ly .  

Spinrad (1965), on t h e  o the r  hand, working a t  8200 A, has been 

unable t o  d e t e c t  any water  vapor and s e t  an upper l i m i t  of  

roughly l O c l  p r e c i p i t a b l e  water. 

were used, i t  i s  p o s s i b l e  t h a t  r e s u l t s  are  c o n f l i c t i n g  due t o  

a s t r o n g  wavelength dependence o f  t h e  atmospheric opac i ty  i n  

the nea r  i n f r a r e d  (Owen 1966). 

Since d i f f e r e n t  s p e c t r a l  bands 

An a d d i t i o n a l  observat ion which should be mentioned 

was r e p o r t e d  by Kozyrev (1961) f o r  formaldyhyde, H2C0. 

observed a cons t an t  emission from t h e  lower l a y e r s  of t h e  a t -  

mosphere and a t t r i b u t e d  i t  t o  chemiluminescence of H2C0. 

observa t ion  was not  confirmed however, e i t h e r  by Newkirk (1961) 

o r  Spinrad (1962a), and s o  should be s u b s t a n t i a t e d  by o t h e r  

observers  before  r ece iv ing  g e n e r a l  acceptance.  

He 

This  
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Upper l i m i t s  on s e v e r a l  o t h e r  gases have been set  by 

These Kuiper (1952) from s p e c t r a  i n  the 1.5 t o  2 . 2 ~  reg ion .  

are N 2 0 ,  100 c m  a t m ;  cH4, 20 c m  atm; C2H4, 3 c m  a t m ;  

1 c m  a t m ;  NH3, 4 c m  a t m .  An a t tempt  t o  d e t e c t  t h e  H2 quadrupole 

l i n e  a t  8150 A a l so  f a i l ed ,  but  t h a t  i s  n o t  s u r p r i s i n g  s i n c e  t h e  

minimum observable  absorp t ion  would correspond t o  a p a t h  of 

about  12 km a t m .  

‘ZH6 ’ 

A b r i e f  summary of  the r e s u l t s  ob ta ined  by spec t roscopic  

obse rva t ions  t o  date  i s  given i n  Table  2.  

3.4.2 Temperature and Pressure  

The v i b r a t i o n - r o t a t i o n  bands of C02  i n  t h e  near  

i n f r a r e d  have been widely used t o  i n f e r  a Venusian atmospheric 

temperature.  

temperatures  are by the  ord inary  Boltzmann equat ion  method, 

assuming a clear atmosphere, and by t h e  procedure of Chamberlain 

and Kuiper (1956), where t h e  l i g h t  s c a t t e r i n g  p a r t i c l e s  a r e  

assumed t o  have t h e  same d i s t r i b u t i o n  as t h e  absorbing C02 

molecules.  I n  t h i s  l a t t e r  case,  t h e  v i s i b l e  c loud l a y e r  would 

be regarded as t h e  a l t i t u d e  a t  which t h e  o p t i c a l  t h i ckness  due 

Two p o s s i b l e  ways t o  determine t h e  C02 r o t a t i o n  

t o  s c a t t e r i n g  i s  about u n i t y  i n  t h e  continuum o u t s i d e  t h e  ab- 

s o r p t i o n  bands i n  t h e  v i s i b l e .  

I n  g e n e r a l ,  t h e  r o t a t i o n a l  temperatures  given by t h e  

usua l  a p p l i c a t i o n  of t h e  Boltzmann equat ion  a r e  h ighe r  than 

those  der ived wi th  t h e  modi f ica t ion .  The most r e l i a b l e  e s t ima tes  

appear t o  range between 250 and 450°K (Spinrad 1962a). An 

important  cons ide ra t ion ,  however, i s  t h a t  t h e s e  r o t a t i o n a l  l i n e s  
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Table 2 

SPECTRAL FEATURES ON VENUS 

Molecule Wavelength Comments 

CLL02  7158 Ver i f ied  by many observers  as being 
7828 present  a t  between 100 and 1000 m - a t m  
7891 
8698 

Numerous i d e n t i -  
f i c a t i o n s  between 
1 and lop 

cI3o2 1 .475~:  

c o o  l8 2 . 1 5 ~  

O 2  

N2 

H 2 0  

H 2 C 0  

co 

N 2 0  *\ 

CH4 . 

C2H4 ,, 
C2H6 
M13 &, 

4300 A 
reg ion  

1 . 1 3 ~  
8200 A 

V i s i b l e  reg ion  

2.345C: 

I d e n t i f i c a t i o n  o f  s p e c t r a l  f e a t u r e s  
repor ted  by s e v e r a l  observers  

I d e n t i f i c a t i o n  confirmed by several 
observers  

Disputed i d e n t i f i c a t i o n .  Abundance 
es t imated  as less than  80 m - a t m .  

Reported emission i n  n i g h t  sky, un- 
confirmed by l a t e r  work. 

1 0 0 ~  of  p r e c i p i t a b l e  water r epor t ed  
from 1 . 1 3 ~  observa t ions .  Conf l i c t -  
i n g  nega t ive  r e s u l t s  a t  8200 ft set  
upper l i m i t  a t  10u. 

Broad emission f e a t u r e ,  no t  confirmed 
by subsequent work. 

Tenta t ive  i d e n t i f i c a t i o n ,  f u r t h e r  
work needed f o r  confirmation.  

Negative r e s u l t s  ob ta ined  i n  searches  
for  t h e s e  molecules.  
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probably absorb  over  a region w i t h  a l a r g e  temperature  g r a d i e n t ,  

as i n d i c a t e d  by t h i s  l a r g e  range o f  temperatures .  The relative 

weight ing  of t h e  h igh ,  c o o l  gas and lower h o t t e r  l a y e r s  v a r i e s  

w i t h  r o t a t i o n a l  quantum number. The effect  i s  to make t h e  ro-  

t a t i o n a l  temperature  an  average q u a n t i t y  t h a t  a p p l i e s  d i r e c t l y  

t o  some unknown but  in te rmedia te  level i n  t h e  C02 absorbing 

r eg ion .  Therefore  even the h i g h e s t  va lues  of T ( 450OK) are 

s t i l l  i n t e g r a t e d  averages.  This method, then ,  sugges ts  t h a t  

s u r f a c e  temperatures  may be w e l l  over 500°K. 

Spect roscopic  pressure  de te rmina t ions  have been made 

assuming t h e  C02 abso rp t ion  l i n e s  have t h e  c h a r a c t e r i s t i c  

Lorentz  shape, which i s  v a l i d  f o r  t h e  case where t h e  abso rp t ion  

c o e f f i c i e n t  i s  governed predominantly by c o l l i s i o n s .  I n  t h i s  

work N2 i s  assumed t o  be t h e  predominant atmospheric c o n s t i t u e n t ,  

so t h a t  t h e  atomic parameters are taken a s  c h a r a c t e r i s t i c  of 

C02-N2 c o l l i s i o n s .  

i n d i v i d u a l  p re s su res  are mean va lues  i n t e g r a t e d  over t h e  C02 

absorbing l a y e r s .  Depending on t h e  quantum number of t h e  r o t a -  

t i o n a l  l i n e  used i n  t h e  a n a l y s i s ,  p r e s s u r e s  between 1 and 6 

atmospheres have been obtained. Subsequent ref inements  l ead  t o  

a range of 2 t o  5 atmospheres, corresponding t o  t h e  temperature  

range of 250-450°K. Using  a f u r t h e r  approximation, Spinrad (1962a) 

e s t i m a t e s  t h a t  t h e  p r e s s u r e  a t  t h e  bottom of t h e  C02 absorbing 

l a y e r  i s  near  10 atmospheres, which i s  then  taken  a s  a lower 

l i m i t  f o r  t h e  Venusian su r face  p re s su re .  

Like t h e  r o t a t i o n a l  temperatures ,  t h e  Venus 

I l T  R E S E A R C H  I N S T I T U T E  

12 



8 
(I 

8 
18 
8 
8 
1 
I 
1 
I 
8 
8 
1 
I 
8 
8 
a 
8 
8 

3.5 I R  Radiometry 

Radiometric work has been c a r r i e d  o u t  by s e v e r a l  i n -  

v e s t i g a t o r s  over a pe r iod  of many years .  The e a r l i e r  work i n  

t h e  8-13~ terrestrial  atmospheric window has been reviewed by 

P e t t i t  (1961) and Sin ton  (1961a). This work showed s e v e r a l  

important  f e a t u r e s .  F i r s t ,  the  temperature a t  t h e  sub-Earth 

p o i n t  w a s  found t o  be approximately 24G"K, n e a r l y  independent 

of  phase.  Second, limb darkening e x i s t s  and very nea r ly  obeys 

a cos 6 l a w .  Thi rd ,  t h e  temperature a t  t h e  po le s  i s  some 

20°K less than  a t  t h e  equator ,  where a l i n e  j o i n i n g  t h e  poles  

i s  taken  as approximately perpendicular  t o  t h e  o r b i t a l  plane.  

More r e c e n t l y ,  Murray e t  a l .  (1963) used an i n t e r -  

f e r ence  f i l t e r  wi th  t h e  200 i n .  t e l e scope  and, because of t h e  

improved s e n s i t i v i t y ,  made use of a diaphragm only 1/30 t h e  

d iameter  of t h e  d i s k .  

t h e  215'K temperature  f o r  the center of t h e  d i s k ,  cons iderably  

lower than  previous r e s u l t s  and lower than c a l c u l a t e d  r a d i a t i o n  

tempera tures ,  which were i n  good agreement. 

has n o t  been d i r e c t l y  reso lved;  a d d i t i o n a l  measurements i n  o t h e r  

p a r t s  of t h e  spectrum, however, have seemingly v e r i f i e d  t h e  

o l d e r  d a t a .  S in ton  (1962) observed an emission a t  3.75~ which 

corresponded t o  a temperature of 236°K. Also, of cour se ,  t h e  

radiometer  measurements from t h e  Mariner f lyby  i n  1963 are i n  

agreement wi th  t h e  o l d e r  da ta .  Observat ions i n  two channels ,  

8 .1  - 8 . 7 ~  and 10.2 - 10.5w, gave temperatures  which w e r e  on 

t h e  o rde r  of 240'K a t  t h e  cen te r  of t h e  d i s k .  

An i n t e r e s t i n g  r e s u l t  of t h i s  work i s  

This  discrepancy 

A d e f i n i t e  

I I T  R E S E A R C H  I N S T I T U T E  

13 



I 
I 
8 
8 
8 
8 
8 
I 
8 
8 
8 
8 
8 
I 
8 

limb-darkening w a s  observed, t h e  r a d i a t i o n  temperatures  showing 

a monotonic decrease  of approximately 20°K between t h e  c e n t r a l  

r e g i o n  and t h e  limbs. 

S ince  both t h e  8 and lop, temperatures  w e r e  t h e  same, 

it has been assumed tha t  t h e r e  w a s  l i t t l e  C02 absorp t ion  i n  t h e  

l i g h t  pa th ,  and tha t  t h e  measured temperatures  were c loud  

temperatures .  The l i g h t  and darks ide  temperatures  w e r e  q u a l i -  

t a t i v e l y  t h e  same. One anomaly w a s  no ted  i n  t h e  southern p a r t  

of  t h e  te rmina tor  scan,  which w a s  about 1 0 ° K  coo le r  than  expected 

on t h e  b a s i s  of symmetrical limb-darkening. The clouds w e r e  

h e r e  perhaps l o c a l l y  h ighe r  o r  more opaque, o r  t h e  effect  may 

be a s s o c i a t e d  w i t h  a l a r g e  su r face  f e a t u r e .  

3.6 Microwave Radiometry 

Venus, near  i n f e r i o r  conjunct ion ,  subtends a larger 

angular  diameter than  any o t h e r  p l a n e t .  I t s  r a d i a t i o n  i s  thus  

r e l a t i v e l y  e a s i l y  de t ec t ed  and i t  was t h e r e f o r e  t h e  f i r s t  p l a n e t  

from which microwave emission w a s  measured. These f i r s t  obser-  

v a t i o n s ,  made by Mayer e t  a l .  (1963), revea led  an  e f f e c t i v e  

d i s k  temperature  of  595" - + 55°K a t  a wavelength of 3.15 c m ,  a 

most s u r p r i s i n g  r e s u l t  i n  the l i g h t  of t h e  much lower i n f r a r e d  

temperature  o f  t h e  p l ane t .  Subsequent observa t ions  v e r i f i e d  

t h e s e  f i n d i n g s ,  showing a d isk  temperature  r i s i n g  from 2 350°K 

a t  4 mm t o  a va lue  near 600°K f o r  wavelengths from 3 c m  t o  

2 1  c m .  

A r a t h e r  l a r g e  number of observa t ions  w e r e  made 

during t h e  1962 conjunct ion  and d a t a  w e r e  ob ta ined  over  an 
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i nc reased  wavelength range. 

r e s u l t s  a long wi th  c e r t a i n  other d a t a  t o  show r e p r e s e n t a t i v e  

temperature  va lues  f o r  t h e  e n t i r e  wavelength range which has 

t h u s  f a r  been i n v e s t i g a t e d .  Fu r the r  r e s u l t s  a r e  a l s o  a v a i l a b l e  

f o r  most of t h e  wavelengths given;  for  s i m p l i c i t y ,  however, 

on ly  t h e  re ference  providing t h e  mean value o f  t h e  temperature 

i s  l i s t e d .  I n  a d d i t i o n  t o  these  d a t a ,  of course,  t h e  microwave 

radiometers  aboard Mariner I1 provided f o r  h igh - re so lu t ion  

scanning o f  t h e  d i s k .  The spacec ra f t  contained a two-channel 

microwave radiometer  opera t ing  a t  wavelengths of 1 3 . 5  and 19 mm. 

Data obta ined  i n d i c a t e  a br ightness  temperature  of some 450"K, 

w i t h  l i t t l e  o r  no change between t h e  dark and l i g h t  s i d e  va lues .  

Limb darkening w a s  c l e a r l y  apparent ,  and i s  a very s t r o n g  in -  

d i c a t i o n  t h a t  t h e  emission (and high temperature)  i s  c h a r a c t e r i s t i c  

of t he  p l ane ta ry  s u r f a c e  or very deep atmosphere. 

Table  3 i nco rpora t e s  some of t h e s e  

While t h e  l a t t e r  i s  no t  s u r p r i s i n g ,  t h e  e q u a l i t y  o f  

l i g h t  and dark s i d e  temperatures does not  seem t o  agree wi th  

i n t e r p r e t a t i o n s  of ground-based measurements. I n  a d e t a i l e d  

s tudy  of phase effect  and limb-darkening, Pol lack  and Sagan 

(1965) concluded t h a t  t h e r e  should be a d i f f e r e n c e  of some 200°K 

i n  t h e  b r i g h t s i d e  and darkside temperature .  This  disagreement 

bears  on t h e  problem of determining the  hea t ing  of  a s lowly 

r o t a t i n g  p l a n e t  both by d i r e c t  i n s o l a t i o n  and by r a d i a t i v e  and 

convect ive t r a n s p o r t  from t h e  atmosphere. O f  course ,  atmospheric 

abso rp t ion  a t  wavelengths n e a r  1 c m  i s  p o s s i b l e ,  which would tend  

t o  reduce t h e  d i f f e r e n c e  between b r i g h t s i d e  and darks ide  temperatures .  
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Table 3 

VENUS MICROWAVE BRIGHTNESS TEMPERATURES 
(mean values  f o r  each wavelength) 

+57" 3 . 2  mm 300" -27" 

+50 " 4.3 mm 350" -300 

374" + 75" 8 m m  

8 .35  mm 395" - + 60" 

- 

o +72" 8 . 5  UIKI 380 -340 

8.6 mm 375" + - 52" 
+75" 1 . 1 8  c m  395" -550  

1 .35 c m  520" + - 40" 

2.07 c m  500" + - 70" 

3 . 1 5  c m  616" + - 40"  

10 cm 

2 1  c m  

21.4 c m  528" - + 33" 

40 c m  400" + - 60" 

622" + - 6"  

595" + - 6" 

Tolbert  and S t r a i t o n  ( 1 9 6 2 )  

Grant, Corbet t  and Gibson ( 1 9 6 3 )  

Kuz'min and Salomonovich ( 1 9 6 3 )  

Thornton and Welch ( 1 9 6 4 )  

Lynn, Meeks and Sohigian ( 1 9 6 4 )  

Tolbert  and S t r a i t o n  ( 1 9 6 4 )  

S t a e l i n ,  Barret t  and Kusse  ( 1 9 6 4 )  

Gibson and Corbe t t  ( 1 9 6 3 )  

McCullough and Boland ( 1 9 6 4 )  

Haddock and Dickel ( 1 9 6 4 )  

Drake ( 1 9 6 4 )  

Davies ( 1 9 6 4 )  

Drake ( 1 9 6 4 )  

Drake ( 1 9 6 4 )  
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3.7 Radar R e f l e c t i v i t y  

The f i r s t  r a d a r  con tac t  w i th  Venus was r epor t ed  by the  

Lincoln Laboratory a t  t h e  time of t h e  1958 i n f e r i o r  conjunct ion 

(Price e t  a l .  1959) a t  68 c m .  Since t h a t  t i m e ,  many o t h e r  

groups have c a r r i e d  on work i n  t h i s  a r e a  on a r a t h e r  cont inuing  

b a s i s ,  providing new d a t a  on the  va lue  of  t h e  astronomical  

u n i t ,  t h e  Venusian r o t a t i o n  r a t e ,  s u r f a c e  f e a t u r e s  o r  roughness, 

and t o  a lesser e x t e n t  t h e  ionospheric  s t r u c t u r e .  

Before t h e  advent of r a d a r  astronomy techniques,  i t  

was gene ra l ly  f e l t  t h a t  t h e  ast ronomical  u n i t  was known t o  

w i t h i n  some 96,000 km,  a n  unce r t a in ty  much t o o  l a r g e  f o r  p l ane ta ry  

exp lo ra t ion .  Since 1961, however, d a t a  from Lincoln Labs, 

J o d r e l l  Bank, and t h e  Goldstone f a c i l i t y  have reduced t h i s  

u n c e r t a i n t y  t o  a much more acceptab le  value.  

(1961) a t  J o d r e l l  Bank, u s i n g  a 73 c m  s i g n a l ,  ob ta ined  a va lue  

f o r  t h e  astronomical  u n i t  of 149,599,755 km, w i t h  a r a d i o  a l -  

bedo l a r g e r  than t h e  moon's. The MIT observers  (Mil ls tone 

s t a f f  1961),  a t  68 c m ,  obtained a va lue  of  149,597,700 km f o r  

t h e  astronomical  u n i t  (within 1500 k m ) .  Operating a t  a wave- 

l e n g t h  of 12.6 c m w i t h  a more s e n s i t i v e  system, t h e  Goldstone 

experimenters  (Victor e t  a l .  1961 and Golds te in  e t  a l .  1963) 

obta ined  a va lue  of 149,599,000 - + 1500 km. 

t h e  as t ronomica l  u n i t  r ep resen t s  an  important  s t e p  i n  t e r m s  

of f u t u r e  space missions.  

Thompson e t  a l .  

This  refinement of 

A very good es t imate  f o r  t he  Venusian r o t a t i o n  per iod  

was a l s o  obta ined  dur ing  the  1962 conjunct ion  from a s tudy  
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conducted over  a t w o  month period. If a l a r g e  s u r f a c e  f e a t u r e  

i s  p r e s e n t  on t h e  p l a n e t  t h a t  sca t te rs  more energy back t o  t h e  

r a d a r  than  surrounding a reas ,  i t  w i l l  show up a s  an i r r egu-  

l a r i t y  on t h e  spectrum. On close examination, such an i r r egu-  

l a r i t y  was found t o  p e r s i s t  from day t o  day and t o  s lowly 

change i t s  p o s i t i o n .  The r e l a t i v e  permanence sugges ts  t h a t  i t  

i s  caused by a s u r f a c e  f e a t u r e  and t h a t  i t s  motion w a s  t h e  

r e s u l t  of t h e  p l a n e t ' s  r o t a t i o n .  If i t  i s  assumed t h a t  t h e  

a x i s  of Venus i s  perpendicular  t o  i t s  o r b i t ,  then t h e  measured 

angular  v e l o c i t y  corresponded t o  a s i d e r e a l  r o t a t i o n  per iod of 

1200 days forward o r  230 (+40, -50) days r e t rog rade  (Carpenter 

1 9 6 4 ) .  

A second and independent method o f  measuring t h e  r o t a -  

t i o n  pe r iod  is  by observing t h e  broadening of t h e  r e tu rned  

r a d a r  s i g n a l .  S ince  t h e  broadening i s  due t o  both the  Venusian 

o r b i t a l  motion and r o t a t i o n a l  motion about i t s  own a x i s ,  and 

s i n c e  t h e  o r b i t a l  m o t i o n  i s  w e l l  known, a c a r e f u l  a n a l y s i s  of 

t h e  d i f f e r e n c e  i n  wid th  between t h e  t r a n s m i t t e d  and rece ived  

s i g n a l s  can y i e l d  a magnitude and d i r e c t i o n  f o r  t h e  r o t a t i o n a l  

pe r iod .  These d a t a  provide a 250 day r e t rog rade  per iod  f o r  

Venus and, i n  a d d i t i o n ,  suggest t h a t  the coord ina tes  of t h e  

a x i s  of  Venus are 119" r i g h t  ascens ion  and -78" d e c l i n a t i o n  

(Golds te in  1964). A comparison of 1964 d a t a  (Carpenter 1966) 

wi th  t h e  f e a t u r e s  observed i n  1962 sugges ts  t h a t  t h e  r o t a t i o n  

of  Venus may be nearer t o  244 days r e t rog rade  r a t h e r  than t h e  

250 days given by t h e  e a r l i e r  base bandwidth measurements. 
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This has  been confirmed by recent measurements r epor t ed  by 

Golds te in  (1966) from which a r o t a t i o n  r a t e  of 242.6 + 0.6 

days w a s  ob ta ined .  The coord ina te s  of t h e  a x i s  of  r o t a t i o n  

w e r e  found t o  be 98" + 5 O  r i g h t  ascens ion  and -69 + 2" dec l ina -  

t i o n .  

spicuous topographic  prominences on t h e  s u r f a c e  of Venus". 

- 

- - 
These observa t ions  a r e  a l s o  r epor t ed  t o  r e v e a l  "con- 

Fur the r  a n a l y s i s  of t h e s e  and a d d i t i o n a l  da t a  can pro- 

v i d e  a r a t h e r  pre l iminary  concept f o r  t h e  Venusian s u r f a c e .  

Muhleman (1963) ,  i n  analyzing t h e  observed echo power a t  

12.5 c m  and 68 c m ,  found an average d i e l e c t r i c  c o n s t a n t  f o r  

t h e  s u r f a c e  m a t e r i a l  between 3 and 7 ,  w i th  no l a r g e  upward 

v a r i a t i o n s .  This  low value,  a long wi th  t h e  absence of  measur- 

a b l e  v a r i a t i o n s ,  w a s  i n t e r p r e t e d  a s  an i n d i c a t i o n  t h a t  t h e r e  

a r e  no l a r g e  bodies  o f  water on t h e  Venusian su r face .  

Comparisons o f  the p o l a r i z a t i o n  of t h e  t r a n s m i t t e d  and 

r ece ived  s i g n a l s  can also be used t o  deduce c e r t a i n  c h a r a c t e r -  

i s t ics  of t h e  r e f l e c t i n g  body. The Goldstone p o l a r i z a t i o n  

d a t a  (Vic tor  e t  a l .  1961) have been i n t e r p r e t e d  t o  sugges t  

t h a t  t h e  roughness of t h e  Venus s u r f a c e  i s  s i m i l a r  t o  t h a t  o f  

t h e  moon, bu t  w i t h  a d i e l e c t r i c  cons t an t  of n e a r l y  3.6. 

d a t a  sugges t  a rough su r face  a l s o ,  but  d o n ' t  provide a n y  

q u a n t i t a t i v e  information.  The only conclusion t h a t  can be 

drawn then i s  t h a t  t he  d i e l e c t r i c  cons t an t  i s  probably less 

than 7 ,  c o n s i s t e n t  w i th  d r y  t e r res t r ia l  s o i l s  and t h e r e  i s  an  absence 

of l a r g e  bodies  of water .  

Other 
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Poss ib l e  Venusian ionospheric  e f f e c t s  w e r e  a l s o  noted 

dur ing  t h e  68 c m  observat ions a t  t h e  1961 conjunct ion  (Muhleman 

1963).  On t h e  b a s i s  of a c o r r e l a t i o n  between r a d a r  echo char -  

a c t e r i s t i c s  and s o l a r  a c t i v i t y  an e l e c t r o n  d e n s i t y  a t  Venus of 

t h e  o r d e r  of 10 / c m  was i n f e r r e d ,  corresponding t o  a plasma 

frequency of  about 27 Mc/sec. I n t e r p r e t a t i o n s  such a s  t h i s ,  

however, a r e  d i f f i c u l t  because of t h e  presence and effect  o f  

t h e  s o l a r  plasma. 

3 . 8  Mametometry 

7 3  

Magnetometer d a t a ,  obtained as Mariner 11 passed Venus, 

gave no evidence of a Venusian f i e l d  a t  any po in t  on t h e  t ra-  

j e c t o r y .  The s e n s i t i v i t y  of t h e  magnetometer was such t h a t  a 

f i e l d  change of  about 4 gamma on any a x i s  would have been 

d e t e c t e d .  During encounter ,  a s l o w  change no l a r g e r  than about  

10 g a m a  was observed. This change, however, d i d  no t  have t h e  

c h a r a c t e r  of a p l ane ta ry  f i e l d  (Smith e t  a l .  1963) and was a t -  

t r i b u t e d  t o  a temporal change i n  t h e  i n t e r p l a n e t a r y  magnetic 

f i e l d .  The continuous f l u c t u a t i o n s  w i t h  per iods  from 1 t o  60 

seconds and amplitudes of the o r d e r  of 3 gammas t h a t  seem 

c h a r a c t e r i s t i c  of reg ions  near t h e  geomagnetic f i e l d  w e r e  n o t  

observed. Simultaneous measurements by o t h e r  Mariner expe r i -  

ments a l s o  f a i l e d  t o  r e v e a l  any effect  a s s o c i a t e d  wi th  a 

p l a n e t a r y  f i e l d ,  s u c h  as trapped p a r t i c l e s  o r  a modi f ica t ion  

i n  t h e  f l o w  of s o l a r  plasma. 
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Table 4 

SUMMARY OF INFORMATION ON VENUSIAN ENVIRONMENT 

Observa t iona l  Technique Remarks 

1. Visua l  & photographic Banded f e a t u r e s  appear i n  u l t r a -  
observa t ions  v i o l e t .  Rather f a i n t  p a t t e r n s  

a r e  sometimes seen a t  subso la r  
p o i n t  i n  yellow l i g h t .  Vague, 
varying f e a t u r e s  noted i n  i n f r a -  
r ed .  Surface cannot be seen 
o p t i c a l l y  because o f  ex tens ive  
cloud cover .  

2. Photometry 

3 .  Polar imetry 

4 .  Spectroscopy 

Albedo i s  between 0.5 and 0 .9  
dependent upon wavelength. Oc-  
c u l t a t i o n  of Regulus g ives  a t -  
mospheric scale he igh t  of 6.8 km. 
Pressure  a t  o c c u l t a t i o n  level  
i s  - .  2.5 x 10-3 mb. 

Cloud t o p  p res su re  on s u n l i t  
s i d e  i s  0 . 1  t o  1 atm. Clouds 
a r e  composed p a r t i a l l y  of par -  
t i c l e s  i n  micron s i z e  range. 
Water d r o p l e t s  and ice c r y s t a l s  
g i v e  approximate, but  no t  
d e t a i l e d ,  agreement wi th  observed 
p o l a r i z a t i o n  curves .  

7820 8, band of C 0 2  shows, w i th  
some u n c e r t a i n t i e s ,  (P,T) values  
ranging f r o m  (1 atm, 210°K) t o  
(5.6 atm, 430°K).  Estimated 
amount of CO2 i s  2 t o  10%; re- 
mainder of  atmosphere u n i d e n t i f i e d .  
Spectroscopic  searches  f o r  water  
vapor inconclus ive .  Unsuccessful 
searches  f o r  N20, CH4, CzH4, 
CzH6 and " 3 .  Disputed i d e n t i -  
f i c a t i o n  of  COY O2 and i ce  c r y s t a l s .  
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Table 4 (Cont'd) 

Observat ional  Technique Remarks 

5.  I R  radiometry 

6 .  Microwave radiometry 

7. Radar 

8. Magnetometry 

Radiat ion temperatures  are ap- 
proximately 240°K for  both b r i g h t  
and dark s i d e s  a t  3.7511. and 
8 - 1 3 ~ .  D i s t i n c t  limb-darkening 
of 20-30°K. Thermai maps have 
shown a t  l e a s t  one i s o l a t e d  co ld  
f e a t u r e .  

Temperatures from 0.8 t o  10.3 c m  
vary  from 315 t o  600°K a t  i n f e r i o r  
conjunct ion .  Strong evidence 
e x i s t s  f o r  limb darkening and hence 
s u r f a c e  o r i g i n  of emission. Mariner 
d a t a  y i e lded  temperatures of  460, 
570 and 406°K for  darks ide ,  
t e rmina to r ,  and b r i g h t s i d e ,  
r e s p e c t i v e l y  . 
R e f l e c t i v i t y  near  i n f e r i o r  con- 
j u n c t i o n  a t  wavelengths of 1 2 . 5 ,  
43, and 68 km i s  0.10. A 
r e t rog rade  s i d e r e a l  r o t a t i o n  of 

242 days i s  es t imated .  The 
r o t a t i o n a l  a x i s  appears t o  be 
w i t h i n  10" o f  t h e  o r b i t  pole .  

Magnetome t e r  da t a  from Mariner I1 
gave no evidence of a Venusian 
magnetic f i e l d .  The p l ane ta ry  
d i p o l e  moment is  less than 1/10, 
o r  perhaps even 1 / 2 0 , t h a t  of t h e  
Ear th .  
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These r e s u l t s  do not  n e c e s s a r i l y  mean t h e  absence of a 

magnetic f i e l d ,  bu t  if one does e x i s t ,  i t  does not  extend ou t  

t o  t h e  41,000 k i lometer  d i s t ance  of c l o s e s t  Mariner approach. 

4 .  SUMMARY OF EXISTING KNOWLEDGE 

4.1 Atmosphere 

During r e c e n t  years, and p a r t i c u l a r l y  s i n c e  t h e  d i s -  

covery of clouds i n  t h e  Venusian atmosphere, a number of 

a t t empt s  have been made t o  c o n s t r u c t  models o f  t h e  Venusian 

atmosphere which would i n t e r p r e t  t h e  observed da ta .  I d e a l l y ,  

such a model should be s e l f - c o n s i s t e n t  and p h y s i c a l l y  reason- 

a b l e ,  and must e x p l a i n  a l l  obse rva t ions .  While t h i s  has no t  

y e t  been achieved, it has become p o s s i b l e  t o  d i s c a r d  some 

p rev ious ly  he ld  hypotheses and t o  recognize,  t o  a degree,  

which c h a r a c t e r i s t i c s  a r e  more l i k e l y  t o  be v e r i f i e d  by f u t u r e  

d e t a i l e d  experiments. 

One of  t h e s e  model atmospheres, much d iscussed  dur ing  

r e c e n t  yea r s ,  i s  t h e  ae losphere  model proposed by Opik (1961) 

a s  a p o s s i b l e  mechanism for t h e  maintenance of  t h e  observed 

microwave temperatures  of  -600'K. It i s  suggested i n  t h i s  

c a s e  t h a t  t h e  atmosphere below t h e  clouds i s  an extremely dry ,  

dus ty  reg ion  kept  i n  motion and s t i r r e d  by t h e  winds above t h e  

clouds,  r e s u l t i n g  i n  a s t rong  f r i c t i o n a l  i n t e r a c t i o n  a t  t h e  

s u r f a c e .  The winds  t r a n s f e r  momentum downward, and s i n c e  an 

atmosphere t h a t  i s  s t i r red w i l l  maintain an  a d i a b a t i c  l apse  

ra te ,  t h e  temperature w i l l  i n c r e a s e  wi th  i n c r e a s i n g  depth 
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below t h e  clouds.  The w i n d s  cause  a pe rpe tua l  dus t  storm. 

The d u s t  p a r t i c l e s ,  perhaps made of  calcium and magnesium 

ca rbona te s ,  have been ground toge the r  and are extremely f i n e ,  

remaining suspended almost i n d e f i n i t e l y .  

is  no s u n l i g h t ,  only d u s t  and h e a t  and wind. 

A t  t h e  s u r f a c e  t h e r e  

Many a d d i t i o n a l  d e t a i l s  of t h i s  model have been worked 

ou t ,  bu t  i t  i s  s u f f i c i e n t  t o  simply say he re  t h a t  t h e  model 

has  s e v e r a l  i n h e r e n t  d i f f i c u l t i e s .  C i r c u l a t i o n  f e a t u r e s  

(Sagan e t  a l .  1961) w e r e  never w e l l  descr ibed  and it has  n o t  

been demonstrated t h a t  t h e  momentum t r a n s p o r t  necessary t o  

h e a t  t h e  s u r f a c e  i s  f e a s i b l e .  I n  p a r t i c u l a r ,  t h e  model is  

i n c o n s i s t e n t  w i th  t h e  observed phase effect i n  t h e  microwave 

emission. This  microwave phase effect  r ende r s  t h e  model i m -  

p l a u s i b l e  by t h e  fo l lowing  i n c o n s i s t e n c i e s :  ( a )  t h e  s u r f a c e  

i s  unheated by s u n l i g h t  and y e t  t h e  b r i g h t s i d e  temperature  

appears  h ighe r  than  t h a t  of t h e  da rks ide  and (b)  t h e  h e a t  

source i s  loca ted  beneath the  cloud cover ,  but  t h e  lowest 

temperatures  a r e  observed a t  i n f e r i o r  conjunct ion ,  which i s  

when such a h e a t  source should be most apparent .  

The ionosphere model (Jones 1961 and P r i e s t e r  e t  a l .  

1966) was proposed a s  a means o f  provid ing  a nonthermal source 

for  t h e  observed microwave emissions.  The model i s  based on 

an argument t h a t  t h e  Venusian ionosphere is  h igh ly  ion ized  and 

c o n t a i n s  a l a r g e  number of f r e e  e l e c t r o n s ,  so  t h a t  i t  i s  

opaque t o  long r a d i o  waves and t r a n s p a r e n t  t o  s h o r t e r  ( i n f r a r e d )  

waves. The high microwave temperatures  a r e  a t t r i b u t e d  t o  
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f r e e - f r e e  e l e c t r o n  t r a n s i t i o n s  so t h a t  a moderate s u r f a c e  

temperature  of  about 300°K might then be acceptab le .  

It is ,  however, becoming i n c r e a s i n g l y  d i f f i c u l t  t o  

r e c o n c i l e  t h i s  model w i t h  observed da ta .  F i r s t ,  Sp in rad ' s  

a n a l y s i s  of t h e  C02 7820 A band showed t empera tu res  of ap- 

proximately 440°K and p res su res  of nea r ly  10 atmospheres, 

presumably i n  t h e  lower atmosphere. Ex t r apo la t ion  o f  t h e s e  

d a t a ,  coupled w i t h  o t h e r  measurements, r e s u l t s  i n  very high 

s u r f a c e  temperatures  and p r e s s u r e s ,  i n  complete disagreement 

w i t h  va r ious  d e t a i l s  o f  t h e  ionospher ic  model. An even more 

serious o b j e c t i o n  can be o f f e r e d  i n  t h e  l i g h t  of Mariner 11's 

microwave d a t a .  

ionosphere,  l imb-brightening should have been observed a s  t h e  

p l a n e t  w a s  scanned. In s t ead ,  however, a d e f i n i t e  limb 

darkening was observed, which suppor ts  t h e  con ten t ion  t h a t  

t h e  h igh  temperatures e x i s t  a t  t h e  s u r f a c e .  I n  a d d i t i o n ,  

Mariner I1 i n d i c a t e d  t h a t  t he  s o l a r  wind f l u x  i n  t h e  reg ion  of 

Venus was t o o  l o w  t o  s u s t a i n  t h e  e l e c t r o n  d e n s i t y  r equ i r ed  f o r  

t h e  ionospher ic  model. 

If t h e  high temperatures  o r i g i n a t e  i n  t h e  

What appears  t o  remain then  a s  t h e  most p l a u s i b l e  con- 

cep t  of t h e  atmosphere a t  t h e  p re sen t  t i m e  i s  a modi f ica t ion  

of t h e  greenhouse model, which was f i r s t  proposed by Sagan 

(1960).  A t  t h a t  t ime, Sagan assumed t h a t  some v i s i b l e  s o l a r  

r a d i a t i o n  p e n e t r a t e s  t h e  cloud cover  and s t r i k e s  t h e  s u r f a c e ,  

which upon being hea ted  r a d i a t e s  i n  t h e  i n f r a r e d .  The i n f r a -  

r e d  r a d i a t i o n  i s  then trapped i n  t h e  lower atmosphere because 
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of  molecular abso rp t ion  and l i g h t  s c a t t e r i n g  a t  t h e  cloud 

cover .  The r e q u i r e d  opac i ty  f o r  t h i s  model cannot be due t o  

C02 a lone ,  but  if 10 gm/cm 

necessary  i n f r a r e d  opaque condi t ions  are achieved. Such an 

amount o f  w a t e r ,  mixed t h r u  t h e  atmosphere, would r e s u l t  i n  

ice c r y s t a l  c louds a t  a temperature of some 235'K, roughly 

t h a t  observed by s tudying  t h e  f a r  i n f r a r e d  r a d i a t i o n .  This 

i s  i n t e r p r e t e d  as an ice c r y s t a l  l a y e r  a t  an a l t i t u d e  of about 

35 km. Near i n f r a r e d  spectrophotometry by Sin ton  (1961b) 

shows abso rp t ion  f e a t u r e s  a t t r i b u t e d  t o  ice a t  t h i s  same 

temperature  l e v e l  from which t h e  f a r  i n f r a r e d  thermocouple 

r a d i a t i o n  a r i s e s .  

2 of water  vapor i s  assumed, t h e  

I n  a d d i t i o n  t o  t h i s  work, S t rong ' s  ba l loon  observa t ions  

i n d i c a t e d  t h a t  t h e  r e q u i r e d  amount of water  vapor e x i s t e d  above 

t h e  cloud l a y e r .  

provide f o r  t h e  greenhouse e f f e c t .  The ice c r y s t a l s  would 

a l s o  e x p l a i n  an otherwise u n i d e n t i f i e d  emission a t  1Ou 

(Kaplan 1961) and account for  t h e  observed Venusian albedo.  

The temperature  d i f f e r e n c e s  observed between t h e  dark and l i g h t  

s i d e s  a t  some wavelengths can be exp la ined ,  a t  l e a s t  i n  p a r t ,  

The i c e  c r y s t a l s  and water  vapor may w e l l  

by condensing clouds.  For example, observed changes i n  t h e  

i n t e n s i t y  of  8 mm r a d i a t i o n  w i t h  phase might be t h e  r e s u l t  o f  

a c loud  l a y e r  which appears  opaque a t  m i l l i m e t e r  wavelengths 

and t r a n s p a r e n t  a t  cen t imeter  wavelengths and e i t h e r  condenses 

o r  sublimes.  
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Some d i f f i c u l t i e s  with t h i s  model a r o s e ,  however, when 

Sp in rad ' s  (1962b) da t a  ind ica t ed  t h a t  t h e  amount of water  vapor 

i n  t h e  atmosphere i s  i n s u f f i c i e n t  t o  maintain t h e  greenhouse 

effect .  E i t h e r  i t  had t o  be assumed t h a t  p re s su re  broadened 

abso rp t ion  l i n e s  and induced d i p o l e  abso rp t ion  i n  C02 can i n -  

crease t h e  opac i ty  t o  t h e  necessary l e v e l ,  o r  modi f ica t ions  

t o  t h e  model were r equ i r ed .  

Severa l  o t h e r  i n c o n g r u i t i e s  a l s o  i n d i c a t e  t h a t  modi- 

f i c a t i o n s  a r e  necessary .  I t  i s  n o t  known, f o r  example, i f  t h e  

s t e e p  temperature  g r a d i e n t  between s u r f a c e  and clouds could be 

maintained,  s i n c e  v e r t i c a l  and h o r i z o n t a l  mixing should tend 

t o  e q u a l i z e  t h e  temperature.  E s t i m a t e s  by Opik (1961) i n d i -  

c a t e  t h e  greenhouse effect  cannot suppor t  h igh  s u r f a c e  tempera- 

t u r e s ,  s i n c e  r a d i a t i o n  both t o  and from t h e  s u r f a c e  i s  so  i m -  

peded by t h e  atmosphere t h a t  t h e  mechanism cannot ope ra t e  

e f f e c t i v e l y .  Also t h e r e  i s  no d i r ec t  spec t roscop ic  d a t a  on 

t h e  r equ i r ed  long p a t h s ,  high tempera tures ,  and moderately 

h igh  p res su res .  Recent observa t ions ,  however, i n d i c a t e  t h a t  

t h e r e  i s  a phase v a r i a t i o n  i n  which t h e  s u r f a c e  temperature 

d i f f e r e n c e  between t h e  dark and l i g h t  s i d e s  i s  a t  least  7 0 ° K  

(Drake 1963). I n t e r p r e t a t i o n  of t h i s  f a c t  produced a second 

greenhouse model (Owen 1965), some of  t h e  e s s e n t i a l  f e a t u r e s  

o f  which are given i n  Table 5.  Under t h e  cond i t ions  mentioned 

h e r e ,  i t  i s  assumed t h a t  an i n s i g n i f i c a n t  amount of water  

vapor e x i s t s  i n  t h e  lower atmosphere. The high temperatures  

and p res su res  would provide t h e  necessary opac i ty  by thermal 
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Table 5 

PARAMETERS FOR VENUSIAN ATMOSPHERIC MODEL 

Most 
Probable 

Parameter Minimum Maximum (Chien 1865) 

Surface t e m  erature 
(darkside P 

Surface temperature 
( l i g h t s i d e )  

Temperature a t  c loud level 

Albedo (A5500 A) 
Cloud a l t i t u d e  

Surface pressure 

Cloud top  pressure 

540°K 640°K 610-640°K 
(near pole)  

700°K 800°K 750°K 

-- -- 235°K 

0.6 0.76 0.76 

60 km LOO km 80 km 

30 a t m  100 a t m  50 atm 

90 mb 600 mb -- 
(darkside) ( l i g h t s i d e )  

I l l  R E S E A R C H  I N S T I T U T E  

28 



L 

le 

exci tement  of low-lying r o t a t i o n a l  s t a t e s ,  p re s su re  broadening 

of l i n e  con tour s ,  p re s su re  induced d i p o l e  t r a n s i t i o n s  and 

perhaps v o l a t i l i z a t i o n  of su r face  m a t e r i a l .  

4 . 2  P lane ta ry  I n t e r i o r  and Surface 

The v a r i a t i o n  i n  the  mean d e n s i t i e s  of t h e  t e r res t r ia l  

p l a n e t s  i s  sometimes taken  as an argument f o r  t h e  inhomogeneity 

of t h i s  p a r t  of t h e  s o l a r  s y s t e m .  MacDonald (1962) and Urey 

(1952) agree  t h a t  t h e s e  p l a n e t s  d i f f e r  both i n  abundances of 

heavy elements and r a d i o a c t i v e  elements ,  so  t h a t  they a r e  

chemical ly  d i s t i n c t .  Others , i nc lud ing  Ramsey (1948) , B u l l e n  

(1957),  and Levin (1964) have maintained t h a t  t h e  terrestr ia l  

p l a n e t s  have t h e  same composition, and t h a t  t h e  cores  are com- 

posed of  a h igh-dens i ty  s t a t e  of s i l i ca tes .  Thus the  two 

opin ions  regard ing  t h e  i n t e r i o r s  of  t e r r e s t r i a l  p l a n e t s  have 

been (1) i f  t h e  E a r t h ' s  core  i s  chemical ly  d i s t i n c t  from t h e  

mantle ,  t h e  t e r res t r ia l  p l ane t s  cannot a l l  have t h e  same com- 

p o s i t i o n ,  and ( 2 )  i f  t h e  t e r r e s t r i a l  p l a n e t s  a l l  have t h e  same 

gene ra l  composition, t h e i r  cores  r e s u l t  from p res su re  phenomena 

and a r e  n o t  chemical ly  d i s t i n c t .  

Recent work by Kovach and Anderson (1965), however, 

i n d i c a t e s  t h a t  i t  i s  poss ib l e  t o  c o n s t r u c t  models f o r  Venus 

and Mars t h a t  a r e  i d e n t i c a l  i n  composition t o  t h e  Ea r th  with-  

ou t  v i o l a t i n g  t h e  hypothesis of a chemical ly  d i s t i n c t ,  i . e . ,  

i r o n - r i c h ,  co re .  These l a t t e r  au tho r s  i n v e s t i g a t e d  t h e  same 

p l a n e t a r y  models which were used i n  previous s t u d i e s ,  bu t  

which w e r e  modified t o  b e  i n  accord wi th  more r e c e n t  d a t a  on 

I I T  R E S E A R C H  I N S T I T U T E  

29 



t h e  moment of i n e r t i a  of t he  E a r t h  and wi th  free o s c i l l a t i o n  

and shock wave d a t a .  

m a t e r i a l  t o  mantle m a t e r i a l  and t h e  change t o  an  i n n e r  co re  

were assumed t o  be pressure  c o n t r o l l e d ,  a l though i n c l u s i o n  of 

a chemical ly  d i s t i n c t  c r u s t  and i n n e r  co re  is  not  c r i t i c a l  f o r  

any of t h e  p r i n c i p a l  conclusions.  For t h e  c a s e  of Venus, a 

c o e f f i c i e n t  of thermal  expansion of 4 x lO-'/"K w a s  used i n  

view of  i t s  assumed high surface temperature .  This  temperature 

c o r r e c t i o n  i s  s m a l l ,  amounting t o  a 1.6% i n c r e a s e  i n  the  

e f f e c t i v e  mean d e n s i t y  f o r  Venus. 

The change from low-density s u r f a c e  

If t h e  r a t i o  of core mass t o  p l ane ta ry  m a s s  i s  taken 

a s  0.3, t h e  mass of Venus gives an e x t e r n a l  r a d i u s  of 6100 km. 

The a c t u a l  r a d i u s  of t h e  Venusian s o l i d  s u r f a c e  is  no t  known; 

however, computed models f o r  Venus which have c o r e s  con ta in ing  

30 t o  32% of  t h e  t o t a l  p lane tary  mass are e n t i r e l y  compatible 

w i t h  a l l  o b s e r v a t i o n a l  data .  I n  f a c t ,  t h e  p l a n e t  appears so  

s i m i l a r  t o  t h e  Ea r th  t h a t  it can be made t o  f i t  a lmost  any 

t h e o r y  t h a t  accounts  f o r  t h e  Ear th .  It thus  seems most reason- 

a b l e  t o  assume a t  p r e s e n t  t h a t  Venus i s  chemical ly  equ iva len t  

t o  t h e  Ea r th ,  having a d i s t i n c t  i r o n - r i c h  c o r e  w i t h  a c e n t r a l  

p r e s s u r e  of roughly one megabar. 

The Venusian temperatures cause no problem wi th in  such 

a model, a l though they  do suggest  a most d rea ry  s u r f a c e  condi- 

t i o n .  Since t h e  melt ing points  of aluminum, l e a d ,  t i n ,  

magnesium, z i n c ,  e t c .  may b e  reached,  pools of molten metal  

could poss ib ly  cover por t ions  of t h e  s u r f a c e .  The high 
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p r e s s u r e s  may produce low-lying clouds of unusual m a t e r i a l s  

t h a t  would o r d i n a r i l y  be gases a t  such temperatures .  

temperature  of  t h e  dark  pole has  been e s t ima ted  by Drake t o  

be about 540"K, so t h a t  w i t h  t h e  h igh  surface p res su res  

s e v e r a l  c o n s t i t u e n t s  o f  t h e  l o w e r  atmosphere may condense o u t  

i n  t h a t  reg ion .  Thus s e a s  conta in ing  such t h i n g s  a s  l i q u i d  

benzene, l i q u i d  a c i d s ,  and, i f  t h e  p re s su re  exceeds some 

60 atmospheres, poss ib ly  some smal l  amounts of  l i q u i d  water 

may e x i s t .  

The 

Any l i q u i d  a r e a s  t h a t  do e x i s t  a r e  probably small i n  

s ize ,  however, s i n c e  Muhleman found t h e  d i e l e c t r i c  c o n s t a n t  

of t h e  Venus s u r f a c e  t o  be 3 <; < 7 ,  va lues  c h a r a c t e r i s t i c  of 

very  d ry  t e r r e s t r i a l  so i l .  I n  p a r t i c u l a r ,  - i s  t o o  smal l  t o  

permit  ex tens ive  smooth oceans o f  water and too  l a r g e  t o  per-  

m i t  e x t e n s i v e  smooth oceans of hydrocarbons. Turbulent  water  

oceans and uncommon l i q u i d  hydrocarbons are n o t  excluded on 

t h i s  b a s i s ,  however, nor a r e  combinations o f  H20 and hydro- 

carbons ,  such a s  might e x i s t  i f  o i l  w e r e  f l o a t i n g  i n  pa tches  

on water .  

4 . 3  Magnetosphere 

For s e v e r a l  hours i n  December 1962, t h e  Mariner I1 

f l u x g a t e  magnetometer measured magnetic f i e l d s  i n  t h e  v i c i n i t y  

of Venus, t o  wi th in  a d i s t a n c e  of 41,000 km a t  t h e  p o i n t  of 

c l o s e s t  approach. The encounter occurred dur ing  r e l a t i v e l y  

q u i e t  cond i t ions  i n  t h e  i n t e r p l a n e t a r y  medium (Kern and 

Ves t ine  1963) ,  s o  t h a t  no  abnormal compression of t h e  
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magnetosphere of Venus could be expected. 

magnetometer 

dence t h a t  t h e  v e h i c l e  pene t ra ted  

magnetic f i e l d ,  nor  is t h e r e  evidence t h a t  i t  passed through 

a hydromagnetic shock wave such as e x i s t s  i n  f r o n t  of t h e  

E a r t h ' s  magnetosphere. 

Nei ther  the 

nor  t h e  r a d i a t i o n  counters  aboard gave any evi- 

i n t o  a reg ion  of a p l a n e t a r y  

These nega t ive  results permit an e s t i m a t e  of an upper 

l i m i t  for t h e  magnetic d ipole  moment of Venus. T h e o r e t i c a l  

models of t h e  i n t e r a c t i o n  of t h e  s o l a r  wind w i t h  a d i p o l e  

magnetic f i e l d ,  inc luding  a crude  e s t i m a t e  of  t h e  e x t e n t  of 

t h e  d i s t u r b e d  reg ion  o u t s i d e  t h e  magnetosphere, i n d i c a t e  t h a t  

t h e  d i p o l e  moment of Venus, i f  i t  i s  approximately perpendicular  

t o  t h e  Sun-Venus l i n e ,  i s  less than  1/10 t h a t  of t h e  Earth.  

Comparison of t h e  measurements made near  Venus wi th  those  

made by o t h e r  s p a c e c r a f t  nea r  t h e  Ea r th  leads  t o  t h e  conclusion 

t h a t  t h e  d i p o l e  moment of Venus i s  less than 1/10,  o r  even 

1/20,  t h a t  of t h e  E a r t h  (Smith e t  a l .  1963). 

moment of  Venus i s  t h e  dominant c o n t r i b u t i o n  t o  t h e  f i e l d ,  t h e  

magnitude of t h e  s u r f a c e  f i e l d  is  less than 5 t o  10% of  t h e  

geomagnetic s u r f a c e  f i e l d .  Of course ,  i f  Venus has  a more 

complicated magnetic s t r u c t u r e  than  t h e  E a r t h ,  so  t h a t  h igher -  

o r d e r  mul t ipo les  a r e  important ,  t h e  s u r f a c e  f i e l d  i n  p l aces  

could  be l a r g e r  than t h e  E a r t h ' s  f i e l d  wi thout  i n c r e a s i n g  t h e  

s t r e n g t h  of the  f i e l d  along t h e  Mar iner  t r a j e c t o r y  t o  an 

If  t h e  d i p o l e  

observable  value.  

The above conclusions a r e  c o n s i s t e n t  wi th  t h e  expecta-  

t i o n s  based on the  dynamo theo ry  of  t h e  E a r t h ' s  f i e l d  
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(Smith e t  a l .  1965). Although no d e t a i l e d  theory  i s  a v a i l a b l e ,  

t h e  r o t a t i o n  of t h e p l a n e t  i s  u s u a l l y  assumed t o  be an  e s s e n t i a l  

feature.. 

i t  is  p l a u s i b l e  t h a t  i t  may have a much sma l l e r  magnetic 

moment than t h a t  of t h e  Earth.  I n  f a c t ,  on t h i s  b a s i s ,  t h e  

Venusian f i e l d  (M$ would be much less than one pe rcen t  

o f  t h e  E a r t h ' s  f i e l d  (ME). 

f i e l d s  w e r e  approximately e q u a l ,  i t  would then  appear t h a t  t h e  

magnetic moment i s  i n s e n s i t i v e  t o  r o t a t i o n  r a t e  o r  t h a t  t h e  

c o r e  of  Venus has  p r o p e r t i e s  very  d i f f e r e n t  from those  of  t h e  

Ear th .  

Since Venus apparent ly  has a much slower r o t a t i o n ,  

If  i t  had been found t h a t  t h e  two 

I f  t h e  Venusian f i e l d  i s  about 0 .1  times t h e  E a r t h ' s  

f i e l d ,  t h e  cosmic-ray f l u x  everywhere above t h e  atmosphere of 

Venus w i l l  be s i m i l a r  t o  t h a t  above t h e  p o l a r  reg ions  of t h e  

Ear th .  If  it t u r n s  out  t h a t  t h e  Venusian f i e l d  is  s u b s t a n t i a l l y  

smaller than t h i s ,  p a r t i c l e s  o f  much lower energy could reach  

t h e  atmosphere, but  t h i s  i s  no t  considered too  important s i n c e  

t h e  f l u x  of cosmic p a r t i c l e s  drops off  r a p i d l y  wi th  energy. 

O f  cou r se ,  t h e  cosmic-ray i n t e n s i t y  a t  t h e  s u r f a c e  of Venus i s  

probably much less than a t  the E a r t h ' s  s u r f a c e  due t o  t h e  i n -  

c r e a s e d  atmospheric absorp t ion  produced by t h e  much g r e a t e r  

atmospheric mass per  u n i t  a rea .  

A high-energy r a d i a t i o n  zone s i m i l a r  t o  t h e  E a r t h ' s  i s  

a l s o  p o s s i b l e  under  t h e  present  assumptions,  b u t  i t  may w e l l  

have a much d i f f e r e n t  s t r u c t u r e  and energy d e n s i t y .  The energy 

d e n s i t y  of t rapped p a r t i c l e s  cannot  exceed t h e  energy d e n s i t y  
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of  t h e  p l a n e t a r y  magnetic f i e l d ,  which would be a t  most 

t h a t  of t h e  Ea r th .  

w i l l  be correspondingly l e s s  p o s s i b i l i t y  of  t r a p p i n g  p a r t i c l e s  

i n  t h e  correspondingly small  magnetosphere. 

would have t o  be reduced t o  about ME/750 before  t h e  magneto- 

pause would be lowered t o  the  top  of t h e  atmosphere. For 

smaller Mv, t h e  s o l a r  wind and i n t e r p l a n e t a r y  f i e l d  could 

i n t e r a c t  d i r e c t l y  w i t h  the  atmosphere. This  would not  be 

expected t o  have any s i g n i f i c a n c e  except a t  t h e  very h ighes t  

l e v e l s  of  t h e  atmosphere. 

4.4 Biology 

If Mv i s  reduced much below 0.1 ME, t h e r e  

However, Mv 

A l i k e l y  p a t t e r n  of molecular evo lu t ion  on Venus i s  

based on t h e  assumpt ion , tha t  t h e  environments of  Ea r th  and 

Venus were very  s i m i l a r  a t  t h e  time of  t h e i r  o r i g i n ,  s i n c e  

t h e  va lues  of t h e i r  p resent  d e n s i t y  and mass a r e  n e a r l y  t h e  

same. The p o s i t i o n  of  Venus r e su l t s  i n  a slower p l a n e t a r y  

c o o l i n g  process  and approximately twice t h e  f l u x  of u l t r a v i o l e t  

r a d i a t i o n  on t h e  upper atmosphere. With an  enhanced r a t e  of 

pho tod i s soc ia t ion  of water  i n  t h e  upper atmosphere and a 

somewhat lower escape v e l o c i t y  f o r  hydrogen, Venus would l o s e  

water  a t  a g r e a t e r  r a t e  than Ear th .  F u r t h e r ,  l a r g e r  amounts 

of  carbon would appear a s  atmospheric carbon d ioxide  i n s t e a d  

of  carbonaceous rock. The excess ive  water  loss tends t o  

s u s t a i n  h igher  temperatures i n  view of  t h e  lack  of evapora t ive  

coo l ing  from s u r f a c e  oceans. 
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Such processes ,  even though they by now may have 

r e s u l t e d  i n  complete deso la t ion ,  would have allowed f o r  a wide 

range of p o s s i b i l i t i e s  fo r  b i o t i c  evo lu t ion .  These inc lude  t h e  

evo lu t ion  of  advanced forms of anaerobic  (non-oxygen consuming) 

l i f e  unknown t o  man, thermal forms capable  of s u b s i s t i n g  on t h e  

h o t  s u r f a c e ,  and microenvironmental b i o t a  resembling t e r r e s t r i a l  

forms which could su rv ive  i n  t h e  atmosphere. I n  s p i t e  of t h e  

u n i t y  of  biochemistry seen i n  t e r r e s t r i a l  b i o t i c  evo lu t ion ,  

t h e  d i v e r s i t y  of environmental cond i t ions  capable  of  suppor t ing  

l i f e  i s  s t a r t l i n g .  I n  s p i t e  o f  t he  enrichment of  t h e  terres- 

t r i a l  atmosphere wi th  oxygen, t h e  p e r s i s t e n c e  of anaerobic  

mic rob ia l  forms i s  apparent on t h e  Ear th .  The oppor tuni ty  f o r  

t h e  evo lu t ion  of advanced anaerobic  forms may w e l l  have been 

p r e s e n t  on Venus. The h igher  temperatures e i t h e r  would d r i v e  

t h e  p l a n e t  t o  an a r i d  condi t ion ,  o r  promote t h e  r a p i d  evo lu t ion  

o f  carbonaceous b i o t i c  forms unique t o  t h e  p a r t i c u l a r  p l ane ta ry  

environment. 

5. BASIC SCIENTIFIC QUESTIONS 

The following i s  a l i s t  o f  important  s c i e n t i f i c  

ques t ions ,  some of which have been r a i s e d  by p a s t  experiments 

and a l l  of  which bear  d i r e c t l y  on t h e  es tab l i shment  o f  con- 

s i s t e n t  models f o r  Venus and  i t s  environment. 

1. What i s  t h e  chief  c o n s t i t u e n t  o f  t h e  atmosphere? 

2. A r e  important minor c o n s t i t u e n t s ,  such a s  H 2 0  
and 0 2 ,  present  and what i s  t h e i r  concen t r a t ion?  

3.  What i s  t h e  c o n s t i t u t i o n  of t he  cloud l a y e r ?  
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4 .  

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16.  

17. 

What i s  t h e  depth of  t h e  atmosphere? 

What i s  t h e  v a r i a t i o n  of p re s su re  and temperature 
i n  t h e  lower atmosphere? 

What are t h e  c i r c u l a t i o n  p a t t e r n s  i n  t h e  atmosphere? 

Is t h e r e  evidence of l i f e  i n  t h e  p a s t ?  D o  l i f e  o r  
p r e - l i f e  forms now e x i s t ?  

What a r e  t h e  correct mass and moments of  i n e r t i a  
of Venus? 

What i s  t h e  topography and c o n s t i t u t i o n  of  t h e  
Venusian su r face?  

What i s  t h e  value of t h e  s u r f a c e  p re s su re?  

What i s  t h e  d i f f e r e n c e  between t h e  b r i g h t s i d e  and 
darks ide  su r face  temperatures  and what a r e  t h e i r  
c o r r e c t  v a l u e s ?  

What i s  t h e  s i g n i f i c a n c e  of t h e  southern  hemisphere 
co ld  s p o t  as  observed by Mariner II? 

What i s  t h e  s t r e n g t h  of  t h e  magnetic f i e l d ?  

Is t h e r e  a trapped r a d i a t i o n  b e l t ?  

Do any atmospheric e f f e c t s  e x i s t  which may con- 
t r i b u t e  t o  t h e  observed r a d i o  emissions? 

D o  ionospher ic  and a u r o r a l  phenomena e x i s t ?  

What i s  t h e  na ture  of t h e  Venusian i n t e r i o r ?  I f  a 
d i s t i n c t  c o r e  e x i s t ,  what i s  i t s  composition? 

6 .  BAS IC MEASUREMENTS 

It i s  d i f f i c u l t  t o  f i n d  any major area of  i n v e s t i g a t i o n  

w i t h  regard  t o  Venus which has  been s t u d i e d  exhaus t ive ly .  Thus 

a s i g n i f i c a n t  amount of a d d i t i o n a l  information i s  r e q u i r e d  before  

ou r  knowledge of t h i s  p lane t  can be considered much more than 

s p e c u l a t i v e .  
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The experiments s e l e c t e d  f o r  Mariner '67 are designed 

t o  measure c e r t a i n  p r o p e r t i e s  of t h e  Venusian atmosphere a s  

w e l l  a s  t o  check fo r  t h e  ex i s t ence  of r a d i a t i o n  b e l t s  and a 

magnetic f i e l d .  If successfu l ,  t h e  f l i g h t  w i l l  improve our  

p r e s e n t  e s t ima tes  fo r  temperature and d e n s i t y  i n  t h e  upper 

atmosphere, determine the energy o f  t rapped r a d i a t i o n  ( i f  any) ,  

and e i t h e r  lower ou r  present  upper l i m i t  f o r  t h e  magnetic 

f i e l d  o r  a c t u a l l y  determine t h e  f i e l d  s t r e n g t h .  Much, however, 

w i l l  s t i l l  remain t o  be learned about t h e  upper atmosphere and 

environment and v i r t u a l l y  a l l  parameters a s s o c i a t e d  wi th  t h e  

l o w e r  atmosphere and sur face  w i l l  s t i l l  have t o  be determined. 

Thus it i s  meaningful to  plan f o r  a d d i t i o n a l  space missions.  

The fol lowing suggest ions are  concerned w i t h  classes 

of experiments which are f e l t  t o  be needed f o r  f u t u r e  Venus 

e x p l o r a t i o n .  Some of t h e  da ta  may be provided by Mariner '67 

b u t  i t  i s  d i f f i c u l t  t o  judge a t  t h i s  t i m e  t o  what e x t e n t  t h i s  

w i l l  be t r u e .  

It may be noted t h a t  many of t h e  classes of measurements 

g iven  he re  are d iscussed  i n  t h e  r e c e n t  Space Science Board 

Study (1965) as those  i n  need of suppor t  du r ing  t h e  next  t e n  

yea r s .  I n  t h e  p re sen t  case,  however, t h e  concepts  have been 

c a r r i e d  one s t e p  f u r t h e r ,  r e s u l t i n g  i n  s p e c i f i c  experimental  

recommendations wherever poss ib le .  I n  o t h e r  i n s t a n c e s ,  t h e  

use  of r e c e n t  d a t a  has l e d  t o  a modi f ica t ion  of c e r t a i n  previous 

sugges t ions .  
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6 . 1  U l t r a v i o l e t  Spectrometry 

This ins t rumenta t ion  w i l l  permit t he  determinat ion of 

t h e  composition and pressure  of t h e  Venusian atmosphere by 

a n a l y s i s  of  t h e  spectrum i n  t h e  1000 1 t o  5000 8 reg ion  wi th  

a t  l e a s t  a 10 1 r e so lu t ion .  A scanning monochromator could 

provide t h e  continuum and absorp t ion  s p e c t r a l  f e a t u r e s  from 

t h e  dayside scans and emission f e a t u r e s  (a i rglow and aurora)  

from n i g h t s i d e  scans.  

An important cons idera t ion  he re  i s  t h e  determinat ion 

of t h e  hydrogen d i s t r i b u t i o n  i n  t h e  atmosphere, which could 

be obta ined  by scanning t h e  p l a n e t  a t  1216 A .  t h e  Lyman-a 

wavelength. Such d a t a  would be most h e l p f u l  i n  answering 

ques t ions  on t h e  r a t e  o f  escape of  t h e  atmosphere and the  

development of  t h e  atmosphere i n t o  i t s  p resen t  s t a t e .  A set  

of measurements i n  t h e  2000-3000 1 ozone band s y s t e m  i s  

e q u a l l y  important ,  s i n c e  the  ozone con ten t  can be r e l a t e d  t o  

t h e  c o n c e n t r a t i o  n of atmospheric oxygen and c e r t a i n  oxides .  

A t  l e a s t  q u a l i t a t i v e  resu l t s  f o r  o t h e r  atmospheric c o n s t i t u e n t s  

( p a r t i c u l a r l y  n i t rogen)  might a l s o  be obta ined  i n  t h e  sea rch  

throughout t h e  above-mentioned s p e c t r a l  reg ion .  

0 

F i n a l l y ,  de t ec t ion  of aurorae  could provide va luab le  

information on atmospheric composition, t h e  p l ane ta ry  magnetic 

f i e l d ,  and t h e  ex i s t ence  of t rapped r a d i a t i o n .  
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6.2 I n f r a r e d  Spectrometry 

While much a d d i t i o n a l  I R  spectroscopy remains t o  be 

done from t h e  E a r t h ' s  su r f ace ,  i t  i s  also t r u e  t h a t  measure- 

ments from a space probe w i l l  provide t h e  increased  s p a t i a l  

r e s o l u t i o n  necessary to permit d e t a i l e d  atmospheric s t r u c t u r e  

de te rmina t ions .  Monitoring s e v e r a l  C 0 2  bands from an  o r b i t e r  

would u l t i m a t e l y  y i e l d  s p a t i a l  and temporal v a r i a t i o n s  for  

temperature ,  p r e s s u r e ,  and C 0 2  p a r t i a l  p re s su re  which would 

be m o s t  u s e f u l  i n  de f in ing  atmospheric cond i t ions .  A sea rch  

for H20 bands should a lso be  conducted wi th  t h i s  instrumenta-  

t i o n .  

6 . 3  Radar 

Some measure of the  d i s t a n c e  of t he  s p a c e c r a f t  from 

t h e  p l a n e t  i s  needed i n  order t o  make t h e  r e s u l t s  o f  c e r t a i n  

o t h e r  experiments meaningful. I n  a d d i t i o n ,  an a l t i m e t e r  would 

provide  va luable  d a t a  on sur face  f e a t u r e s  i n  gene ra l ,  t h e  e x i s -  

tence of mountains i n  p a r t i c u l a r ,  and t h e  p o s s i b i l i t y  o f  

oceans. While t h e s e  l a t t e r  f e a t u r e s  should be p a r t i a l l y  ob- 

s e r v a b l e  from Earth-based r a d a r ,  d e t a i l e d  s u r f a c e  r e s o l u t i o n  

r e q u i r e s  a Venus o r b i t e r .  
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6.4 I n f r a r e d  Radiometry 

A radiometer  aboard an  o r b i t e r  can be used t o  provide 

improved s p a t i a l  r e s o l u t i o n  of  t h e  r a d i a t i o n  from t h e  atmos- 

phere.  This i s  e s s e n t i a l  i f  t h e  p l ane ta ry  energy balance i s  

t o  be a c c u r a t e l y  determined. I n  a d d i t i o n ,  a i r  mass temperature 

d i s t r i b u t i o n s  and atmospheric c i r c u l a t i o n s  can be d e t e c t e d  

along wi th  a de te rmina t ion  of how complete t h e  cloud cover i s  

over  most of t h e  p l a n e t .  

6.5 Microwave Radiometry 

A microwave experiment would improve on t h e  accuracy 

o f  t h e  p r e s e n t  temperature e s t i m a t e ,  provide f o r  d e t a i l e d  

thermal  p r o f i l e s  and c lear ly  d i s t i n g u i s h  between b r i g h t s i d e  

and da rks ide  temperature values .  These de te rmina t ions  a r e  

necessary  i f  a t h e o r e t i c a l  model i s  t o  be uniquely f i t t e d  t o  

experimental  d a t a .  

Fu r the r ,  mm-wave radiometry,  made d i f f i c u l t  by ter- 

r e s t r i a l  atmospheric abso rp t ion ,  could be pursued wi th  t h e  

p o s s i b i l i t y  of determining u n i d e n t i f i e d  atmospheric absorbers  

which may be r e spons ib l e  f o r  t h e  lower temperatures  i n  t h i s  

wavelength reg ion .  It might be l ea rned  i f  d u s t s ,  a e r o s o l s ,  

e t c .  a r e  p r e s e n t  o r  i f  c e r t a i n  gases  e x i s t  i n  s u f f i c i e n t  

q u a n t i t y  t o  cause absorp t ion  i n  t h i s  r eg ion .  
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6 . 6  Occu l t a t ion  

Two types of  o c c u l t a t i o n  experiments might r e a d i l y  be 

performed. The f i r s t  o f  t hese  i s  a measurement of t h e  changes 

i n  t h e  s p a c e c r a f t  r a d i o  s i g n a l  r e s u l t i n g  from a t t e n u a t i o n  by 

t h e  Venusian atmosphere. These da t a  can be r e l a t e d  t o  t h e  

d e n s i t y  of t h e  atmosphere. 

The second type  of obse rva t ion  is  r ep resen ted  by t h e  

case  when a s t a r  i s  occul ted  by t h e  p l a n e t .  The p a r a l l e l  rays  

of t h e  s t a r  a r e  r e f r a c t e d  by t h e  d e n s i t y  g r a d i e n t  i n  t h e  

p l a n e t ' s  atmosphere, r e s u l t i n g  i n  a divergence which i s  w e l l -  

def ined  t h e o r e t i c a l l y .  Such measurements could be used t o  

provide  d a t a  on t h e  atmospheric mean molecular weight ,  as 

they  w e r e  i n  t h e  case o f  t he  Regulus o c c u l t a t i o n  observed from 

Ear th .  

6 . 7  Polar imetry 

The i n t e n s i t y  of s u n l i g h t  r e f l e c t e d  from each po in t  

on a p l a n e t a r y  d i s k  i s  the sum of t h e  l i g h t  r e f l e c t e d  from t h e  

s u r f a c e  ( o r  c loud decks) ,  l i g h t  s c a t t e r e d  by t h e  molecules of 

t h e  atmosphere (Rayleigh s c a t t e r i n g ) ,  and t h e  l i g h t  s c a t t e r e d  

by p a r t i c l e s  of  d u s t  o r  t h i n  clouds ( M i e  s c a t t e r i n g ) .  By 

c a r e f u l l y  mapping t h e  i n t e n s i t y  of  t h e  l i g h t  from va r ious  

p a r t s  of  t h e  d i s k  a t  s eve ra l  wavelengths,  and a l s o  by measuring 

t h e  p o l a r i z a t i o n ,  i t  is  poss ib l e  t o  t h e o r e t i c a l l y  f i t  a model 
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of t h e  clouds and atmosphere, i nc lud ing  such th ings  as ice o r  

dus t  conten t .  

I n  t h e  same way, important  d a t a  can be obtained from 

The exac t  way i n  scanning t h e  t e rmina to r ,  o r  t w i l i g h t  zone. 

which f ad ing  f r o m  t h e  s u n l i t  t o  t h e  darkened hemisphere t akes  

p l a c e  depends upon l i g h t  s c a t t e r i n g  i n  t h e  atmosphere, which 

i s  determined by t h e  depth and d e n s i t y  d i s t r i b u t i o n  and by 

dus t  o r  h igh  clouds.  

a way o f  s e p a r a t i n g  t h e  e f f e c t s  due t o  d u s t  o r  c louds and 

permit  t e n t a t i v e  i d e n t i f i c a t i o n  of t h e s e  c o n s t i t u e n t s .  The 

po la r ime te r  could  w e l l  be incorpora ted  i n  t h e  W and v i s i b l e  

spectrometer .  

6.8 Photography (TV camera) 

Observations of t h i s  reg ion  may provide 

Since meteor.ologica1 s u b j e c t s ,  such as cloud s t r u c t u r e  

and motion, are of i n t e r e s t  t o  t h e  s tudy  of Venus, photo- 

imaging should be considered t o  provide much h igher  r e s o l u t i o n  

and more d e t a i l e d  p i c t u r e s  than  can be obtained from Ear th .  

M u l t i s p e c t r a l  viewing could be used i n  a t tempt ing  t o  d i s t i n g u i s h  

features i n  t h e  cloud cover. 

6.9 Trapped P a r t i c l e  Counting 

Any o r b i t e r  o r  f lyby mission t h a t  approaches a d i s t a n c e  

of one p l ane ta ry  r a d i u s  f r o m  Venus should inc lude  instrumenta-  

t i o n  t o  i d e n t i f y  and determine t h e  s p a t i a l  and energy d i s t r i -  

bu t ion  of  any trapped r a d i a t i o n  i n  t h e  v i c i n i t y  o f  Venus. 

This  can provide information concerning t h e  magnetic moment 
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. 
of  Venus and t h e  re la t ion between s o l a r  phenomena and magnetic 

storms . 
6.10 Magnetometry 

The da ta  obtained from t h e  Mariner I1 magnetometer 

experiments revea led  genera l  information on t h e  i n t e r p l a n e t a r y  

medium and e s t a b l i s h e d  a n  upper bound f o r  t h e  magnetic moment 

of Venus. 

be gained i f  a much reduced m i s s  d i s t a n c e  (5000 km o r  less) 

could be achieved.  Such a c l o s e  approach, t o  wi th in  about one 

p l a n e t a r y  r a d i u s ,  could s i g n i f i c a n t l y  reduce t h e  upper l i m i t  

of  t h e  magnetic f i e l d  which might remain undetected.  Fu r the r ,  

i n  pass ing  on t h e  darks ide ,  t h e  s p a c e c r a f t  would very  l i k e l y  

It i s  now c l e a r  t h a t  a cons ide rab le  advantage would 

pass  through t h e  magnetic t a i l  reg ion ,  where i n t e r e s t i n g  v a r i -  

a t i o n s  i n  t h e  f i e l d  s t r e n g t h  might w e l l  be observed. 

6 .11  Pressure ,  Temperature, and Composition Determinations 
i n  Lower Atmosphere 

The p res su re  and temperature  v a r i a t i o n s  should be es- 

t a b l i s h e d  as func t ions  of he igh t  i n  t h e  lower atmosphere. In- 

s t rumenta t ion  used h e r e  would a l s o  provide d a t a  a t  t h e  s u r f a c e  

i f  i t  survived t h e  landing. The atmospheric d e n s i t y  may e i t h e r  

be der ived  from o t h e r  measurements made during descen t ,  or from 

a b a c k s c a t t e r  experiment us ing  a r a d i o a c t i v e  source.  

Quan t i t a t ive  da ta  regard ing  t h e  l o w e r  atmosphere com- 

p o s i t i o n  i s  a l s o  of g r e a t  importance t o  a number of p l ane ta ry  

cons ide ra t ions .  This information might be obta ined  by means 

of a mass spectrograph or by observ ing  t h e  absorp t ion  of 
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s u n l i g h t  a t  s p e c i f i c  wavelengths a s  a probe descends through 

t h e  atmosphere. 

O 3  should be considered i n i t i a l l y .  

6 .12  Determinations o f  Surface Conditions 

Substances such a s  A ,  C02, H 2 0 ,  N2, O2 and 

A success ion  of low-resolution TV p i c t u r e s  taken down- 

ward during probe descent  may i d e n t i f y  t h e  landing p l ace ,  g ive  

some information on w i n d  d r i f t ,  and provide information on t h e  

d e t a i l e d  s u r f a c e  condi t ions  i n  t h e  landing  a rea .  It i s  not  

y e t  c e r t a i n  whether t h i s  would be completely p r a c t i c a l  below 

the Venusian cloud deck. 

A penetrometer o r  impact accelerometer should a l s o  be 

inc luded  t o  d i s t i n g u i s h  between rock- l ike  s u r f a c e s ,  sof te r  

s o i l s ,  o r  l i q u i d s .  Simple devices  have been suggested which 

provide s i g n a l s  as  t h e  capsule  i s  being deformed and crushed 

upon impact. 

6 .13 Biology 

One of t h e  most convincing l i f e  d e t e c t i o n  techniques 

would c o n s i s t  o f  v ideo  te lescope  and video microscope observa- 

t i o n s .  A Surveyor-type camera wi th  v a r i a b l e  f o c a l  l eng th  

could  be adapted f o r  t h i s  purpose. The "abbreviated micro- 

scope" such a s  t h a t  developed a t  S tanford  Un ive r s i ty  could be 

used i n  searching  f o r  b a c t e r i a ,  fung i ,  a l g a e ,  protozoans,  

p o l l e n  g r a i n s ,  b a c t e r i a l  spores ,  e t c .  

Gas chromatography and mass spectrometry c a n  be 

u t i l i z e d  t o  sea rch  f o r  molecules of  b i o l o g i c a l  i n t e r e s t .  

Various amino a c i d s  and carbohydrates have been de tec t ed  
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us ing  t h e s e  techniques.  Opt ica l  r o t a t i o n  and f luorescence  

techniques could provide for  t h e  d e t e c t i o n  of  biopolymers 

and t h e i r  bu i ld ing  b locks ,  

6.14 Summary o f  Measurements 

I n  reviewing t h e  b a s i c  measurements, i t  may be noted 

t h a t  t h e r e  i s  no one mission mode t h a t  can be considered t o  t h e  

complete exc lus ion  o f  t h e  o t h e r s .  Because of  t h e  dense,  opaque 

atmosphere, i t  i s  necessary t o  p l an  f o r  t h e  use  of  an atmos- 

p h e r i c  probe o r  lander  if much d i r e c t  evidence i s  t o  be gained 

of  s u r f a c e  condi t ions  and lower atmosphere composition. An 

o r b i t e r ,  on t h e  o t h e r  hand, i s  equa l ly  important  s i n c e  such 

t o p i c s  a s  p l ane ta ry  energy ba lance ,  s t r u c t u r e  of t h e  upper a t -  

mosphere, exospheric temperature,  magnetosphere, e tc .  must 

s t i l l  be s tud ied .  

For convenience, the type of d a t a  expected from each 

measurement i s  l i s t e d  i n  Table 6 a long wi th  t h e  minimum mission 

mode r equ i r ed  t o  make t h e  measurement. 
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